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ON KADIATION. 



1. Visible and Invisible Radiation. 

Between the mind of man and the outer world 
are interposed the nerves of the human body, which 
translate, or enable the mind to translate, the im- 
pressions of that world into &cts of consciousnesa 
and thought. 

Different nerves are suited to the perception of 
different impressions. We do not see with the ear, 
nor hear with the eye, nor are we rendered sensible 
of sound by the nerves of the tongue. Out of the 
^ general assemblage of physical actions, each nerve, 
or group of nerves, selects and responds to those 
for the perception of which it is specially organized. 

The optie nerve passes from the brain to the back 
of the eye-ball and there spreads out, to form the 
retina, a web of nerve filaments, on which the 
images of extemal objects are projected by the 
optical portion of the eye. This nerve is limiteA- 
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to the apprehension of the phenomena of radiatioiiy 
and notwithstanding its marvellous sensibility to 
certain impressions of this class^ it is singiüarly ob- 
tuse to other impressions. 

Nor does the optie nerve embrace the entire 
range even of radiation. Some rays, when they reach 
it, are incompetent to evoke its power, while others 
never reach it at all, being absorbed by the humours 
of the eye. To all rays which, whether they reach 
the retina or not, fail to excite vision, we give 
the name of infisible or obscure rays. All non- 
luminous bodies emit such rays. There is no body in 
nature absolutely cold, and every body not absolutely 
cold emits rays of heat. But to render radiant heat 
fit to affect the optie nerve a certain temperature is 
necessary. A cool poker thrust into a fire remains 
dark for a time, but when its temperature has be- 
come equal to that of the surrounding coals it glows 
like them. In like manner, if a current of electricity 
of gradually increasing strength be sent through a 
wire of the refractory metal platinum, the wire first 
becomes sensibly warm to the touch ; for a time its 
heat augments, still however remaining obscure ; at 
length we can no longer touch the metal with im- 
punity ; and at a certain definite temperature it emits 
a feeble red light As the current augments in power 
the light augments in brilliancy, until finally the wire 
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appears of a dazzling white. The light which it now 
emits is similar to that of the sun. 

By means of a prism Sir Isaac Newton unravelled 
the texture of solar light, and by the same simple 
instrument we can investigate the luminous changes 
of our platinum wire. In passing through the prism 
all its rays (and they are infinite in variety) are bent 
or refracted from their straight course; and as dif- 
ferent rays are differently refracted by the prism, we 
are by it enabled to separate one class of rays from 
another. By such prismatic analysis Dr Draper has 
shown, that when the platinum wire first begins to 
glow, the light emitted is a pure red. As the glow 
augments the red becomes more brilliant, but at the 
same time orange rays are added to the emission. 
Augmenting the temperature still further, yellow rays 
appear beside the orange, after the yellow green rays 
are emitted, and after the green come, in succession, 
blue, indigo and violet rays. To display all these 
colours at the same time the platinum wire must 
be white-hot: the impression of whiteness being in 
fact produced by the simultaneous action of all 
these colours on the optie nerve. 

In the experiment just described we began with 
a platinum wire at an ordinary temperature, and 
gradually raised it to a white heat. At the be- 
ginning, and before the electric current had actied 



4 ON RADIATION. 

at all upon the wire^ it emitted invisible rays. For 
some time after the action of the current had oom- 
mencedy and even for a time after the wire had 
become intolerable to the touch, its radiation was 
still invisible. The question now arises, — ^What be- 
comes of these invisible rays when the visible ones 
make their appearance? It will be proved in the 
sequel that they maintain themselves in the radia- 
tion ; that a ray once emitted continues to be emitted 
when the temperature is increased, and hence the 
emission from our platinum mve, even when it has 
attained its maximum brilliancy, consists of a mix- 
ture of visible and invisible rays. If, instead of the 
platinum wire, the earth itself were raised to in- 
candescence, the obscure radiation which it now 
emits would continue to be emitted. To reach in- 
candescence the planet would have to pass through 
all the stages of non-luminous radiation, and the 
final emission would embrace the rays of all these 
stages. There can hardly be a doubt that from the 
sun itself, rays proceed similar in kind to those 
which the dark earth pours nightly into space. In 
fact, the various kinds of obscure rays emitted by all 
the planets of our system are included in the present 
radiation of the sun. 

The great pioneer in this domain of science was 
Sir William Herschel. Causing a beam of solar light 
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to pass throjgh a prism he resolved it into ita 
coloured constituents ; he formed what is technically 
called the solar spectrum. Exposing thermometers 
to the successive colours he determined their heating 
power, and found it to augment from the violet or 
most refracted end, to the red or least refracted end 
of the spectrum. But he did not stop here. Push- 
ing his thermometers into the dark space beyond 
the red he found that, though the light had 
disappeared, the radiant heat falling on the Instru- 
ments was more intense than that at any visible part 
of the spectrum. In fact, Sir William Herschel 
showed, and his results have been verified by various 
philosophers since his time, that besides its luminous 
rays, the sun pours forth a multitude of other rays 
more powerfully calorific than the luminous ones, 
but entirely unsuited to the purposes of vision. 

At the less refrangible end of the solar spectrum, 
then, the range of the sun's radiation is not limited 
by that of the eye. The same statement applies to 
the more refrangible end. Ritter discovered the 
extension of the spectrum into the invisible region 
beyond the violet; and, in recent times, this ultra- 
violet emission has had peculiar interest conferred 
upon it by the admirable researches of Professor 
Stokes. The complete spectrum of the sun consists, 
therefore, of three distinct parts: — 1° Of ultra-red 
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rays of high heating power, but unsnited to the 
purposes of vision; 2° Of luminous rays which 
display the following succession of colours, red, 
orange, yellow, green, blue, indigo, violet; 3® Of 
ultra-violet rays which, like the ultra-red ones, are 
incompetent to excite vision, but unlike them possess 
a very feeble heating power. In consequence, how- 
ever, of their chemical energy these ultra-violet rays 
are of the utmost importance to the organic world. 



2. Origin and Character of Radiation. The Ether. 

When we see a platinum wire raised gradually 
to a white heat, and emitting in succession all the 
colours of the spectrum, we are simply conscious of a 
series of changes in the condition of our eyes. We do 
not see the actions in which these successive colours 
originate, but the mind irresistibly infers that the 
appearance of the colours corresponds to certain 
contemporaneous changes in the wire. What is the 
nature of these changes? In virtue of what con- 
dition does the wire radiate at all? We must now 
look from the wire as a whole to its constituent 
atoms. Could we see those atoms, even before the 
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electric current has begun to act upon them, we 
should find them in a state of vibration. In this 
vibration indeed consists such warmth as the wire 
then possesses. Locke enunciated this idea with 
great precision, and it seems placed beyond the pale 
of doubt by the excellent quantitative researches of 
Mr Joule. "Heat," says Locke, ''is a very brisk 
agitation of the insensible parts of the object, which 
produce in us that sensation from which we denomi- 
nate the object hot : so what in our sensation is heat 
in the object is nothing but mothnr When the 
electric current, still feeble, begins to pass through 
the wire, its first act is to intensiiy the vibrations 
already existing, by causing the atoms to swing 
through wider ranges. Technically speaking, the 
amplitudes of the oscillations are increased. The 
current does this, however, without altering the 
period of the old vibrations, or the time in which 
they were accomplished. But besides intensifying 
the old vibrations the current generates new and 
more rapid ones, and when a certain definite rapidity 
has been attained the wire begins to glow. The 
colour first exhibited is red, which corresponds 
to the lowest rate of vibration of which the eye is 
able to take cognizance. By augmenting the strength 
of the electric current more rapid vibrations are 
introduced, and orange rays appear. A quicker rate 
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of vibration produces yellow, a still quicker green, 
and by further augmenting the rapidity we pass 
through blue, indigo, and violet, to the extreme 
ultra-violet rays. 

Such are the changes which science recognizes in 
the wire itself, as concurrent with the visual changes 
taking place in the eye. But what connects the wire 
with this organ? By what means does it send such 
intelligence of its varying condition to the optie 
nerve? Heat being, as defined by Locke, "a very 
brisk agitation of the insensible parts of an object," 
it is readily conceivable that on totiching a heated 
body the agitation may communicate itself to the 
adjacent nerves, and announce itself to them as light 
or heat. But the optie nerve does not touch the hot 
platinum, and hence the pertinence of the question, 
By what agency are the vibrations of the wire trans- 
mitted to the eye? 

The answer to this question involves perhaps the 
most important physical conception that the mind 
of man has yet achieved : the conception of a medium 
filling space and fitted mechanically for the trans- 
mission of the vibrations of light and heat, as air is 
fitted for the transmission of sound. This medium 
is called the lumini/erovs ether. Every shock of 
every atom of our platinum wire raises in this ether 
a wave, which speeds through it at the rate of 186,000 
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miles a second. The ether suffers no rupture of 
continuity at the surface of the eye, the inter-molecu- 
lar spaces of the various humours are filled with it ; 
hence the waves generated by the glowing platinum 
can cross these humours and impinge on the optie 
nerve at the back of the eye. Thus the sensation of 
light reduces itself to the communication of motion. 
Up to this point we deal with pure mechanics ; but 
the subsequeut translation of the shock of the ethe- 
real waves into consciousness eludes the analysis of 
Science. As an oar dipping into the Cam generates 
Systems of waves, which, speeding from the centre 
of disturbance, finally stir the sedges on the river's 
bank, so do the vibrating atoms generate iü the 
surrounding ether undulations, which finally stir the 
filaments of the retina. The motion thus imparted 
is transmitted with measurable, and not very great 
velocity to the brain, where, by a process which 
Science does not even tend to unravel, the tremor of 
the nerveus matter is converted into the conscious 
impression of light. 

Darkness might then be defined as ether at rest ; 
light as ether in motion. But in reality the ether is 
never at rest, for in the absence of light-waves we 
have heat-waves always speeding through it. In the 
spaces of the universe both classes of undulations 
incessantly commingle. Here the waves issuing 
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from uncounted centres cross, coincide, oppose, and 
pass through each other, without confusion or ulti- 
mate extinction. The waves fix)in the zenith do 
not jostle out of existence those from the horizon, 
and every star is seen across the entanglement of wave 
motions produced by all other stars. It is the cease- 
less thrill which those distant orbs collectively create 
in the ether, which constitutes what we call the> 
temperature of space. As the air of a room accom- 
modates itself to the requirements of an orchestra, 
transmitting each vibration of every pipe and string, 
so does the inter-stellar ether accommodate itself to 
the requirements of light and heat. lts waves mingle 
in space without disorder, each being endowed with 
an individuality as indestructible as if it alone had 
disturbed the universal repose. 

All vagueness with regard to the use of the terms 
radidtion and absorption will now disappear. Radi- 
ation is the communication of vibratoiy motion to the 
ether, and when a body is said to be chilled by 
radiation, as for example the grass of a meadow on a 
starlight night, the meaning is, that the molecules of 
the grass have lost a portion of their motion, by 
imparting it to the medium in which they vibrate. 
On the other hand, the waves of ether once generated 
may so strike against the molecules of a body exposed 
to their action as to yield up their motion to the 
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latter; and in this transfer of the motion frora the 
ether to the molecules consists the absorption of 
radiant heat. All the phenomena of heat are in this 
way reducible to interchanges of motion ; and it is 
purely as the recipients or the donoi's of this motion, 
that we ourselves become conscious of the action of 
heat and cold. 



3. The Atomic Theory in reference to the Ether. 

The word "atoms" has been more than once 
employed in this discourse. Cheraists have taught 
us that all matter is reducible to certain elementary 
forms to which they give this name. These atoms 
are endowed with powers of mutual attraction, and 
under suitable circumstances they coalesce to form 
compounds. Thus oxygen and hydrogen are elements 
when separate, or merely mixed, but they may be 
made to combine so as to form molecules, each con- 
sisting of two atoms of hydrogen and one of oxygen. 
In this condition they constitute water. So also 
chlorine and sodium are elements, the former a pun- 
gent gas, the latter a soft metal; and they unite 
together to form chloride of sodium or common salt 
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In the same way the element nitrogen combmes with 
liydrogen, in the proportion of one atom of the former 
to three of the latter, to form ammonia^ or spirit of 
hartshom. Picturing in imagination the atoms of 
elementary bodies as little spheres, the molecules of 
compound bodies must be pictured as groups of such 
spheres. This is the atomic theory as Dalton con- 
ceived it. Now if this theory have any foundation in 
fact, and if the theory of an ether pervading space, 
and constituting the vehicle of atomic motion be 
founded in fact, we may assuredly expect the vibra- 
tions of elementary bodies to be profoundly modified 
by the act of combination. It is on the face of it 
almost certain that both as regards radiation and 
absorption, that is to say, both as regards the com- 
munication of motion to the ether and the acceptance 
of motion from it, the deportment of the uncombined 
will be diflFerent from that of the combined atoms. 



4. Absorption of Radiant Heat hy Gases. 

We have now to submit these considerations to 
the only test by which they can be tried, namely, 
that of experiment An experiment is well defined 
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as a question put to Nature; but to avoid the risk of 
asking amiss we ought to purify the question from 
all adjuncts which do not necessarily belong to it. 
Matter has been shown to be composed of elementary 
constituents^ by the compounding of which all its 
varieties are produced. But besides the chemical 
unions which they form, both elementary and com- 
pound bodies can unite in another and less intimate 
way. By the attraction of cohesion gases and vapours 
aggregate to liquids and solids^ without any change 
of their chemical nature. We do not yet know how 
the transmission of radiant heat may be aflTected by 
the entanglement due to cohesion, and as our object 
now is to examine the influence of chemical union 
alonC; we shall render our experiments more pure by 
liberating the atoms and molecules entirely from the 
bonds of cohesion, and employing them in the gaseous 
or vaporous form. 

Let us endeavour to obtain a perfectly clear 
mental image of the problem now before us. Limit- 
ing in the first place our enquiries to the phenomena 
of absorption, we have to picture a succession of 
waves issuing from a radiant source and passing 
through a gas ; some of them striking against the 
gaseous molecules and yielding up their motion to 
the latter; ethers gliding round the molecules, or 
passing through the inter*molecular spaces without 
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apparent hindrance. The problem before us is to 
determine whether such free molecules have any 
power whatever to Btop the waves of heat, and if so, 
whether diflFerent molecules possess this power in 
diflFerent degrees. 

The source of waves which I shall choose for these 
experiments is a plate of copper, against the back of 
which a steady sheet of flame is permitted to play. 
On emerging from the copper, the waves, in the first 
instance, pass through a space devoid of air, and then 
enter a hoUow glass cylinder, 3 feet long and 3 inches 
wide. The two ends of this cylinder are stopped by 
two plates of rocksalt, this being the only solid sub- 
stance which oflFers- a scarcely sensible obstacle to the 
passage of the calorific waves. After passing through 
the tube, the radiant heat falls upon the anterior 
face of a thermo-electric pile, where it is instantly 
applied to the generation of an electric current. This 
current conducted round a magnetic needie deflects 
it, and the magnitude of the deflection is a measure 
of the heat falling upon the pile. This famous instru- 
ment, and not an ordinary thermometer, is what we 
shall use in these enquiries, but we shall use it in 
a somewhat novel way. As long as the two opposite 
faces of the thermo-electric pile are kept at the 
same temperature, no matter how high that may be, 
there is no current generated. The current is a con- 
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sequence of a difference of temperature between the 
two opposite faces of the pile. Hence, if after the 
anterior face has received the heat from our radi- 
ating source, a second source, which we may call the 
compensating source, be permitted to radiate against 
the posterior face, this latter radiation will tend to 
neutralize the former. When the neutralizatioii ia 
perfect, the magnetic needie connected with the pile 
is no longer deflected, but points to the zero of the 
graduated circle over which it hangs. 

And now let us suppose the glass tube, through 
which pass the waves from the heated plate of copper, 
to be exhausted by an air-pump, the two sources of 
heat acting at the same time on the two opposite 
faces of the pile. Perfectly equal quantities of heat 
being imparted to the two faces, the needie points to 
zero. Let the molecules of any gas be now permitted 
to enter the exhausted tube; if these molecules pos- 
sess any sensible power of intercepting the calorific 
waves, the equilibrium previously existing will be 
destroyed, the compensating source will triumph, 
and a deflection of the magnetic needie will be the 
immediate consequence. From the deflections thus 
produced by different gases, we can readily deduce 
the relative amounts of wave motion which their 
molecules intercept 

In this way the substances mentioned in the fol- 
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lowing table were examined^ a small portion only of 
each being admitted into the glass tube. The quan- 
tity admitted was just sufficiënt to depress a column 
of mercury associated with the tube one inch : in 
other words, the gases were examined at a pressure of 
one-thirtieth of an atmosphere. The numbers in the 
table express the relative amounts of waye motion 
absorbed by the respective gases, the quantity inter- 
cepted by atmospheric air being taken as unity. 



Radiation thr<mgh gases. 

Name of gas. Belative absorptioo. 

Air 1 

Oxygen 1 

Nitrogen 1 

Hydrogen 1 

Carbonic oxide 750 

Carbonic acid 972 

Hydrocliloric acid 1005 

Nitric oxide 1590 

Nitrous oxide 1860 

Sulphide of hydrogen 2100 

Ammonia 5460 

Olefiant gas 6030 

Sulphurous acid 6480 
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Every gas in this table is perfectly transparent to 
light, that is to say, all waves within the limits of the 
visible spectrum pass through it without obstruction ; 
but for the waves of slower period, emanating firom 
our heated plate of copper, enormous diflferences of 
absorptive power are manifested. These differences 
illustrate in the most unexpected manner the influ- 
ence of chemical combination. Thus the elementary 
gases, oxygen, hydrogen and nitrogen, and the mix- 
ture atmospheric air, prove to be practical vacua to 
the rays of heat; for every ray, or more strictly 
speaking, for every unit of wave motion, which any 
one of them is competent to intercept, perfectly 
transparent ammonia intercepts 5460 units^ olefiant 
gas 6030 units^ while sulphurous acid gas absorbs 
6480 units. What becomes of the wave motion thus 
intercepted ? It is applied to the heating of the ab- 
sorbing gas. Through air, oxygen, hydrogen, and nitro- 
gen, on the contrary, the waves of ether pass without 
absorption, and these gases are not sensibly changed 
in temperature by the most powerful calorific rays. 
The position of nitrous oxide in the foregoing table is 
worthy of particular notice. In this gas we have the 
same atoms in a state of chemical union, that exist 
uncombined in the atmosphere; but the absorp- 
tion of the compound is 1800 times that of the air. 
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6. Formation of InvisSble Foei. 

Tliis extraordinary deportment of the elementary 
gases naturally dirècted attention to elementary 
bodies in another state of aggregation. Some of 
Melloni's results now attained a new significance ; for 
this celebrated experimenter had found crystals of 
the element sulphur to be highly pervious to radiant 
heat; he had also proved that la.mp-black and black 
glass (which owes its blackness to the element car- 
bon) were to a considerable extent transparent to 
calorific rays of low refirangibility. These facts, har- 
monizing so strikingly with the deportment of the 
simple gases, suggested further enquiry. Sulphur 
dissolved in bisulphide of carbon was found almost 
perfectly transparent The dense and deeply coloured 
element bromine was examined, and found competent 
to cut off the light of our most brilliant flames, while 
it transmitted the invisible calorific rays with extreme 
freedom. lodine, the companion element of bromine, 
was next thought of, but it was found impracticable 
to examine the substance in its usual solid condi- 
tion. It however dissolves freely in bisulphide of 



TRANSPARENCT OP lODINE. 19 

carbon, Thére is no chemical union between the 
liquid and the iodine, it is simply a case of solu- 
tion, in which the uncombined atoms of the element 
can act upon the radiant heat. When permitted to 
do so, it was found that a layer of dissolved iodine, 
sufficiently opaque to cut off the light of the mid- 
day sun, was almost absolutely transparent to all 
invisible calorific rays, 

By prismatic analysis Sir William Herschel 
separated the luminous from the non-luminous rays 
of the sun, and he also sought to render the obscure 
rays visible by concentration. Intercepting the lumi- 
nous portion of his spectrum he brought, by a con- 
verging lens, the ultrarred rays to a focus, but by 
this condensation he obtained no light. The solution 
of iodine offers a means of filtering the solar beam, 
or failing it, the beam of the electric lamp, which ren- 
ders attainable more powerfid foei of invisible rays 
than could possibly be obtained in the above experi- 
ment by Sir William Hei*schel. For to form his spec- 
trum he was obliged to operate upon solar light which 
had passed through a narrow slit or through a small 
aperture, the amount of the obscure heat admitted 
being limited by this eircumstance. But with our 
opaque solution we may employ the entire surfece 
of the largest lens, and having thus converged the 
rays, luminous and non-luminous, we can interce^t tte^ 
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former by the iodine^ and do what we please with the 
ktter. Experiments of this character, not only with the 
iodine solution but also with black glass and layers 
of lamp-black, were publicly performed at the Royal 
Institution in the early part of 1862, and the eifects 
at the foei of invisible rays then obtained were such 
as had never been witnessed previously. 

In the experiments here referred to, glass lenses 
were employed to concentrate the rays. But glass, 
though highly transparent to the luminous, is in a 
high degree opaque to the invisible heat-rays of the 
electric lamp, and hence a large portion of those rays 
was intercepted by the glass. The obvious remedy 
here is to employ rock salt lenses instead of glass 
ones, or to abandon the use of lenses whoUy, and to 
concentrate the rays by a metallic mirror. Both of 
these improvements have been introduced, and, as 
anticipated, the invisible foei have been thereby ren- 
dered more intense. The mode of operating remains 
however the same, in principle, as that made known 
in 18G2. It was then found that an instant's ex- 
posure of the face of the thermo-electric pile to the 
focus of invisible rays, dashed the needies of a coarse 
galvanometer violently aside. It is now found that 
on substituting for the face of the thermo-electric 
pile a combustible body, the invisible rays are com- 
petent to set that body on fire. 
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6. Visible and Invisible Rays of the Electric Light. 

We have next to examine what proportion the 
noii-Iuminous rays of the electric light bear to 
the luminous ones. This the opaque solution of 
iodme enables us to do with an extremely close ap- 
proximation to the truth* The pure bisulphide of 
carbon, which is the solvent of the iodine, is perfectly 
transparent to the luminous, ^nd almost perfectly 
transparent to the dark rays of the electric lamp. 
Through the transparent bisulphide the total radi- 
ation of the lamp may be considered to pass, 
while through the solution of iodine only the dark 
rays are transmitted. Determining, then, by means 
of a thermo-electric pile, the total radiation, and 
deducting from it the purely obscure, we obtain the 
amount of the purely luminous emission, Experi- 
ments, performed in this way, prove that if all the 
visible rays of the electric light were converged to a 
focus of dazzling briUiancy, its heat would only be 
one ninth of that produced at the unseen focus of the 
invisible ray& 
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Exposing liis thermometers to ihe sacoeasive 
colours of the solar spectrum, Sir William Herschel 
(letermined the heating power of each, and also that 
of the region beyond the extreme red. Then draw- 
ing a straight liue to represent the length of the 
spectrum, he erected, at various jroints, jieriiendicubirs 
to represent the calorific intensity existing at those 
points. Uniting the ends of all his perjiendiculars, 
]io obtainod a curve which showe<l at a glance the 
maimcr in which the heat was distributed in tiie 
Holar spectrum. Professor Muller of Freiburg, with 
improYcd instruments, afterwards made similar ex- 
I>erimcntH, and constructed a more accurate diagram 
of the same kind. We have now to examine the 
distribution of heat in the sjiectrum of the electric 
light; and for this purpose we shall employ a par- 
ticular form of the thermo-electric pile, devised by 
Melloni. lts face is a rectangle, which by means of 
movoable side pieces can be rendered as narrow as 
dosircd. We can, for example, have the face of the 
pile the tcntii, the hundredth, or even the tliou- 
sandth of an inch in breadth. By means of an end- 
less scrow, this linear thermo-electric pile may be 
moved through the entire spectrum, each of its rays 
being Belected in succession, the amount of heat fall- 
ing upon the pile at every point of its march, being 
dcclared by an associated magnetic needie. 
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When this instrument is brought up to the violet 
end of the spectrum of the electric light, the heat is 
found to be insensible. As the pile gradually moves 
from the violet end towards the red, heat soon mani- 
fests itself^ augmenting as we approach the red. Of 
all the colours of the visible spectrum the red pos- 
sesses the highest heating power. On pushing the 
pile into the dark region beyond the red, the heat, 
instead of vanishing, rises suddenly and enormously 
in intensity, until at some distance beyond the red 
it attains a maximum. Moving the pile still forward, 
the thermal power falls, somewhat more suddenly 
than it rosé. It then gradually shades away, but for 
a distance beyond the red greater than the length 
of the whole visible spectrum, signs of heat may be 
detected. Dyawing, as Sir William Herschel did, a 
datum line, and erecting along it perpendiculars, pro- 
portional in length to the thermal intensity at the 
respective points, we obtain the extraordinary curve 
which exhibits the distribution of heat in the spec- 
trum of the electric light In the region of dark 
rays beyond the red the curve shoots up in a steep 
and massive peak — ^a kind of Matterhom of heat, 
which dwarfs by its magnitude the portion of the 
diagram representing the lumineus radiation. In- 
deed, the idea forced upon the mind by the inspec- 
tion of this diagram is that the light rays are a mere 
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insignificant appendage to the dark ones, thrown in 
as it were by nature for the purposes of vision. (See 
Frontispiece, where the space ABCD represents 
the non-Iuminous, and CDE the luminous radiation). 
The diagram drawn by Professor Muller to repre- 
sent the distribution of heat in the solar spectrum 
is not by any means so striking as that just described, 
and the reason, doubtless, is that prior to reaching 
the earth the solar rays have to traverse our atmo- 
sphere. The aqueous vapour there diffused acts very 
energetically upon the ultra-red rays, and by it the 
summit of the peak representing the sun's invisible 
radiation is cut off. A similar lowering of the moun- 
tain of invisible heat is observed when the rays from 
the electric light are permitted to pass through a 
film of water, which acts upon them as the atmo- 
spheric vapour acts upon the rays of the sun. 



7. Combustion by Invisible Rays. 

The sun's invisible rays transcend the visible ones 
in heating power, so that if the alleged perform- 
ances of Archimedes during the siege of Syracuse had 
any fomidation in fact,the dark solar rays would have 
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been the philosopher's chief agents of combustion. 
On a small scale we can readily produce with the 
purely invisible rays of the electric light all that 
Archimedes is said to have performed with the sun's 
total radiation. Placing behind the electric light a 
small concave mirror, the rays are converged, the 
cone of reflected rays and their point of convergence 
being rendered clearly visible by the dust always 
floating in the air. Interposing, between the lumi- 
nous focus and the source of rays, our solution of 
iodine, the light of the cone is entirely cut away, but 
the intolerable heat experienced when the hand is 
placed, even for a moment, at the dark focus, shows 
that the calorific rays pass unimpeded through the 
opaque solution. 

Almost anything that ordinary fire can effect may 
be accomplished at the focus of invisible rays; the 
air at the focus remaining at the same time perfectly 
cold, on account of its transparency to the heat- 
rays. An air thermometer, with a hoUow rocksalt 
bulb, would be unaffected by the heat of the focus : 
there would be no expansion, and in the open air 
there is no convection. The ether at the focus, and 
not the air, is the substance in which the heat is 
embodied. A block of wood, placed at the focus, 
absorbs the heat, and dense volumes of smoke rise 
swiftly upwards, showing the manner in which the air 
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itself would rise, if the invisible rays were competent 
to heat it At the perfectly dark focus dry paper is 
instantly inflamed : chips of wood are speedily bumt 
up: lead, tin^ and zinc are fused: and discs of 
charred paper are raised to vivid incandescence. It 
might be supposed that the obscure rays would show 
no preference for black over white; but they do 
show a preference, and to obtain rapid combustion^ 
the body, if not already black, ought to be black- 
ened. When metals are to be bumed, it is neces- 
sary to blacken or otherwise taruish them, so as 
to diminish their reflective power. Blackened zinc 
foil, when brought into the focus of invisible rays, 
is instantly caused to blaze, and bums with its pe- 
culiar purple flame. Magnesium wire flattened, 
or tamished magnesium ribbon, also bursts into 
splendid combustion, Pieces of charcoal suspended 
in a receiver full of oxygen are also set on fire: the 
dark rays afler having passed through the receiver 
still possessing sufficiënt power to ignite the charcoal, 
and thus initiate the attack of the oxygen. If, in- 
stead of being plunged in oxygen, the charcoal be 
suspended in vacuo, it immediately glows at the 
place where the focus falls. 
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8. Transmutation of Rays^: Calorescence. 

Eminent experimenters were long occupied in 
demonstrating the substantial identity of light and 
radiant heat, and we have now the means of offering 
a new and striking proof of this identity. A concave 
mirror produces beyond the object which it reflects 
an inverted and magnified image of the object; 
mthdramng, for example, our iodine solution, an 
intensely lumineus inveriied image of the carbon 
points of the electric light is formed at the focus of 
the mirror employed in the foregoing experiments. 
When the solution is interposed, and the light is 
cut away, what becomes of this image? It disappears 
from sight, but an invisible thermograph remains, 
and it is only the peculiar constitution of our eyes 
that disqualifies us from seeing the picture formed 
by the calorifie rays. Falling on white paper, the 
image chars itself out : falling on black paper, two 
holes are pierced in it, corresponding to the images 
of the two coal points : but falling on a thin plate 
of carbon in vacuo, or upon a thin sheet of platinized 

1 I borrow this term from Professor Challis, Philosophical Magazine, 
VoLxu. p. 511» 
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platinum, either in vacuo or in air^ radiant heat is 
converted into light, and the image stamps itself in 
vivid incandescence upon both the carbon and the 
metal. Results similar to those obtained with the 
electric light have also been obtained with the in- 
visible rays of the lime-light and of the sun. 

Before a Cambridge audienee it is hardly neces- 
sary to refer to the excellent researches of Professor 
Stokes at the opposite end of the spectrum. The 
above results constitute a kind of complement to his 
discoveries. Professor Stokes named the phenomena 
which he has discovered and investigated Fluor- 
escence; for the new phenomena here described I 
have proposed the term Ccdorescence. He, by the 
interposition of a proper medium, so lowered the 
refrangibility of the ultra-violet rays of the spectrum 
as to render them visible; and here, by the inter- 
position of the platinum foil, the refrangibility of 
the ultra-red rays is so exalted as to render them 
visible. Looking through a prism at the incandescent 
image of the carbon points, the light of the image 
is decomposed, and a complete spectrum obtained. 
The invisible rays of the electric light, remoulded by 
the atoms of the platinum, shine thus visibly forth ; 
ultra-red rays being converted into red, orange, 
yellow, green, blue, indigo, and ultra-violet ones. 
Could we, moreover, raise the original source of ray» 
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to a suflSciently high temperature, we might not only 
obtain from the dark rays of such a source a single 
ineandescent image, but from the dark rays of this 
image we might obtain a second one, from the dark 
rays of the second a third, and so on, — a series of 
complete images and spectra being thus extracted 
from the invisible emission of the primitive source \ 

^ On inyestigating the calorescence produced by rays transmitted 
tbrough glasses of various colours, it was found tbat in the case of eer* 
iain specimens of blue glass, the platinum foil glowed with a pink or 
purplish light. The effect was not subjective, and considerations of 
obvious interest are suggested by it. Different kinds of black glass 
differ notably as to their power of transmitting radiant heat. In thin 
plates some descriptions tint the sun with a greenish hue : others mako 
it appear a glowing red without any tracé of green. The latter are by 
far more diathermic than the former. In fact, carbon when perfectly 
dissolved, and incorporated with a good white glass, is highly trans- 
parent to the calorific rays, and by employing it as an absorbenfc, the 
phenomena of "calorescence** may be obtained, though in a less striking 
form than with the iodine. The black glass chosen for thermometers, 
and iutended to absorb coropletely the solar heat, may entirely fail in 
this object, if the glass in which the carbon is incorporated be colourless. 
To render the bulb of a thermometer a perfect absorbent, the glass with 
which the carbon is incorporated ought in the first instance to be green. 
Soon after the discovery of fluorescence Dr W. A. Miller pointed to the 
lime-light as an illustration of exalted refrangibility. Direct experi- 
ments have since entbely confirmed the view expressed at page 210 
of his work on Chemistry, published in 1855. 
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9. Deadness of the Optie Nerve to the Calorifie 
Itays. 

The layer of iodine used in the foregoing experi- 
ments, when placed before the eye, iutercepted the 
light of the noonday sun. No tracé of light from the 
electric lamp was visible, even in the darkest room, 
when a white screen was placed at the focus of the 
mirror. I£ was thought^ however, that if the retina 
itself were brought into the focus the sensation of 
light might be experienced. The danger of this ex- 
periment was twofold. If the dark rays were absorbed 
in a high degree by the humours of the eye, the albu- 
men of the humours might coagulate along the line 
of the rays. If, on the contrary, no such high absorp- 
tion took place, the rays might reach the retina with 
a force sufficiënt to destroy it. To test the likelihood 
of these results, experiments were made on water and 
on a solution of alum, and they shewed it to be very 
improbable that in the brief time requisite for an 
experiment any serieus damage could be done. The 
eye was therefore caused to approach the dark focus, 
HO defence, in the first instance, being provided ; but 
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the heat acting iii)on the parts surrounding the pupil 
could not be bome. An aperture was therefore 
pierced in a plate of metal, and the eye, placed 
behind the aperture, was caused to approach the 
jwint of convergence of invisible rays. The focus 
was attained, first by the pupil and afterwards by the 
retina. Removing the eye, but permitting the plate 
of metal to remain, a sheet of platiuum foil was 
placed in the position occupied by the retina a 
moment before. The platinum became red hot. Ko 
sensible damage was done to the eye by this expe- 
riment ; no impression of light was produced ; the 
optie nerve was not even conscious of heat. 

But the humours of the eye are known to be 
highly impervious to the invisible calorific rays, and 
the question therefore arises, "did the radiation in 
the foregoing experiment reach the retina at all?" 
The answer is that the rays were in part transmitted 
to the retina, and in part absorbed by the humours. 
Experiments on the eye of an ox shewed that the 
proportion of obscure rays which reached the retina 
amounted to 18 per cent of the total radiation; while 
the luminous emission from the electric light amounts 
to no more than 10 per cent. of the same total. Were 
the purely luminous rays of the electric lamp con- 
verged by our mirror to a focus, there can be no 
doubt as to the fate of a retina placed there. lts 
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ruin would be inevitable; and yet this would be 
accomplished by an amount of wave motion but little 
more than half of that which the retina bears with- 
out being conscious of it, at the focus of invisible 
rays. 

This subject will repay a moment's further at- 
tention. At a common distance of a foot the visible 
radiation of the electric light is 800 times the light 
of a candle. At the same distance, that portion of the 
radiation of the electric light which reaches the retina 
but fails to excite vision, is about 1500 times the 
lumineus radiation of the candle\ But a candle on 
a clear night eau readily be seen at a distance of 
a mile, its light at this distance being less than one 
20,000,000th of its light at the distance of a foot 
Hence to make the former equal in power to the 
non-luminous radiation received from the electric 
light at a foot distance, its intensity would have to be 
multiplied by 1500 x 20,000,000, or by thirty thousand 
millions. Thus the thirty thousand millionth part of 
the radiation from the electric light, received uncon- 
sciously by the retina at the distance of a foot, would, 
if slighÜy changed in character, be amply sufficiënt to 
provoke vision. Nothing could more forcibly illus- 

^ It will be bome in mind that the heat which any ray, luminoua 
or non-luminous, is competent to generate is the true measure of the 
energy of the ray. 
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trate that special relationship supposed by Melloni 
and others to subsist between the optie nerve and 
the oscillating periods of luminous bodies. Like a 
musical string, the optie nerve responds to the waves 
with which it is in consonance, while it refuses to be 
excited by others of almost infinitely greater energy, 
whose periods of recurrence are not in unison with 
its own. 



10. Persistence of Rays. 

At an early part of this Lecture it was affirmed 
that when a platinum wire was gradually raised to a 
state of high incandescence, new rays were constantly 
added, while the intensity of the old ones was in- 
creased. Thus in Dr Draper's experiments the rise of 
temperature that generaled the orange, yellow, green 
and blue rays augmented the intensity of the red 
ones. What is true of the red is true of every other 
ray of the spectrum, visible and invisible. We cannot 
indeed see the augmentation of intensity in the region 
beyond the red, but we can measure it and express it 
numerically. With this view the following experi- 
ment was performed. A spiral of platinum wire was 
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surrounded by a small glass globe to protect it fi'om 
currents of air; through an orifice in the globe the 
rays could pass from the spiral and fall aflerwards 
upon a thermo-electric pile. Placing in front of the 
orifice an opaque solution of iodine, the platinum was 
gradually raised from a low dark heat to the follest 
incandescence, with the following results : — 

Appearance of spiral. Energy of obscure radiation. 

Dark 1 

Dark, but hotter 3 

Dark, but still hotter 5 

Dark, but still hotter 10 

Feeble red .♦ 19 

DuUred 25 

Red 37 

FuUred 62 

Orange 89 

Bright orange 144 

YeUow 202 

White 276 

Intense white 440 

Thus the augmentation of the electric current, 
which raises the wire from its primitive dark con- 
dition to an intense white heat^ exalts at the same 
time the energy of the obscure radiation, until at 
the end it is ftilly 440 times what it was at the be- 
ginning. 
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What has been here proved true of the totality 
of the ultra-red rays is true for each of them singly. 
Placing our linear thermo-electric pile in any part 
of the ultra-red spectrum, it may be proved that 
a ray once emitted continues to be emitted with 
increased energy as the temperature is augmented. 
The platinum spiral so often referred to being raised 
to whiteuess by an electric current, a brilliant spec- 
trum was formed from its light. A linear thermo- 
electric pile was placed in the region of obscure rays 
beyond the red, and by diminishing the current the 
spiral was reduced to a low temperature. It was 
then caused to pass through various degrees of 
darkness and incandescence, with the following re- 
sults : — 

Appearance of spiral. Energy of obscure rays. 

Dark 1 

Dark 6 

Faintred 10 

Dullred 13 

Red 18 

Fullred 27 

Orange 60 

Yellow 93 

FuU white 122 

Here, as in the former case, the dark and bright 
radiation reached their maximum together; as the 
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one augmented, the other augmented, until at last 
the energy of the obscure rays of the particular 
refrangibility here chosen, became 122 times what 
it was at first. To reach a white heat the wire has 
to pass through all the stages of invisible radiation, 
and in its most brilliant condition it still embraces, 
in an intensified form, the rays of all those stages. 

And thus it is with all other kinds of matter, 
as far as they have hitherto been examined. Coke, 
whether brought to a white heat by the electric 
current, or by the oxyhydrogen jet, pours out in- 
visible rays with augmented energy, as its light is 
increased. The same is true of lime, bricks, and 
other substances. It is true of all metals which are 
capable of being heated to incandescence. It also 
holds good for phosphorus burning in oxygen. 
Every gush of dazzling light has associated with it 
a gush of invisible radiant heat, which far transcends 
the light in energy. This condition of things applies 
to all bodies capable of being raised to a white heat, 
either in the solid or the molten condition. It would 
doubtless also apply to the lumineus fogs formed by 
the condensation of incandescent vapours. In such 
cases when the curve representing the radiant energy 
of the body is constructed, the obscure radiation 
towers upwards like a mountain, the lumineus radia- 
tion resembling a mere spur at its base. 
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What then is the real origin of the lumiwous 
radiation ? We find it appearing when the radiating 
body has attained a certain temperature ; or, in other 
words, wheii the vibrating atoms of the body have 
attained a certain width of swing. In solid and 
molten bodies a certain amplitude cannot be sur- 
passed without the introduction of periods of vibra- 
tion, which provoke the sense of vision. If permitted 
to speculate, one might ask, are not these more rapid 
vibrations the product of the slower ? Is it not really 
the mutual action of the atoms, when they swing 
through very wide spaces, and thus encroach upon 
each other, that causes them to tremble in quicker 
periods? If so, it matters not by what agency the 
large swinging space is obtained; we shall have 
light-giving vibrations associated with it. It matters 
not whether the large amplitudes are produced by 
the strokes of a hammer, or by the blows of the mole- 
cules of a non-luminous gas ; such as the air at some 
height above a gas-flame ; or by the shock of the 
ether particles when transmitting rètdiant heat. The 
result in all cases will be incandescence. Thus, the 
invisible waves of our filtered electric beam with 
which incandescence has been produced, may be 
regarded as generating synchronous vibrations in the 
platinum on which they impinge; but once these 
vibrations attain a certain amplitude, the mutual 
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josüing of the atoms would produce quicker tremors, 
and the light-giving waves would follow as the neces- 
sary progeny of the heat-giving vibrations. From the 
very brightness of the light of some of the fixed 
stars we may infer the intensity of the dark radiation, 
which is the precursor and inseparable associate of 
their lumitious rays. 



11. Absorption of Radiant Heat hy Vapours 
and Odours. 

We commenced the demonstrations brought for- 
ward in this Lecture by experiments on permanent 
gases, and we have now to turn our attention to the 
vapours of volatile liquids. Here, as in the case of 
the gases, vast diflferences have been proved to exist 
between various kinds of molecules, as regards their 
power of intercepting the calorific waves. While 
some vapours allow the waves a comparatively free 
passage, in other cases the minutest bubble of va- 
pour, introduced into the tube already employed for 
gases, causes a deflection of the magnetic needie. 
Assuming the absorption effected by air at a pressure 
of one atmosphere to be unity, the following are the 
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absorptions eflfected by a series of vapoups at a 
pressure of ^th of an atmosphere : — 

Name of vapour. Absorption. 

Bisulphide of carbon 47 

lodide of methyl 115 

Benzol 136 

Amylene : 321 

Sulphuric ether 440 

Formic ether 548 

Acetic ether 612 

Bisulphide of carbon is the most transparent 
vapour in this list; and acetic ether the most 
opaque; ^th of an atmosphere of the former, how- 
ever, produces 47 times the eflfect of a whole atmo- 
sphere of air, while ^th of an atmosphere of the 
latter produces 612 times the eflfect of a whole atmo- 
sphere of air. Reducing dry air to the pressure of the 
acetic ether here employed, and comparing them 
then together, the quantity of wave-motion inter- 
cepted by the latter would be many thousand times 
that intercepted by the air. 

Any one of these vapours discharged in the free 
atmosphere, in front of a body emitting obscure rays, 
intercepts more or less of the radiation. A similar 
eflfect is produced by perfiimes diflFused in the air, 
though their attenuation is known to be almost 
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infinite. Carrying, for example^ a current of dry air 
over bibulous paper moistened by patchouli^ the scent 
taken up by the current absorbs 30 times the quantity 
of heat intercepted by the air which carries it; and 
yet patchonli acts more feebly on radiant heat than 
any other perfume yet examined. Here follow the 
results obtained with yarious essential oils, the odour, 
in each case, being carried by a current of dry air 
into the tube already employed for gases and 
vapours : — 

Name of perfume. Absorption. 

Patchonli 30 

Sandal wood 32 

Geranium 33 

Oilof aoves 34 

OttoofRoses 37 

Bergamot 44 

Neroli 47 

Lavender 60 

Lemon 65 

Portugal 67 

Thyme 68 

Bosemary 74 

Oilof Laurel 80 

Camomile Flowers 87 

Cassia 109 

Spikenard 355 

Aniseed 372 
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Thus the absorption by a tube fiill of dry air 
being 1, that of the odour of patchouli diflEiised in it 
is 30, that of lavender 60, that of rosemary 74, while 
that of aniseed amounts to 372. It would be idle to 
Bpeculate on the qüantities of matter conceraed in 
these actions. 



12. Aqueous Vapour in rélation to Tei^restHal 
Temperatures. 

We are now fiilly prepared for a result which, with- 
out such preparation, might appear incredible. Water 
is, to some extent, a volatile body, and our atmo- 
sphere, resting as it does upon the surface of the ocean, 
receives from it a continual supply of aqueous vapour. 
It would be an error to confound clouds or fog or 
any visible mist with the vapour of water: this 
vapour is a perfectly impalpable gas, diffused, even 
on the clearest days, throughout the atmosphere. 
Compared with the great body of the air, the aque- 
ous vapour it contains is of almost infinitesimal 
amount, 99j out of every 100 parts of the atmo- 
sphere being composed of oxygen and nitrogen. In 
the absence of experiment, we should never think 
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of ascribing to this scant and varying constituent any 
important influence on terrestrial radiation; and yet 
its influence is far more potent ttian that of the 
great body of the air, To say that on a day 
of average humidity in England, the atmospheric 
vapour exerts 100 timés the action of the air itself, 
would certainly be an understatement of the fact. 
The peculiar qualities of this vapour, and the circum- 
stance that at ordinary temperatures it is very near 
its point of condensation, render the results which it 
yields in the apparatus already described, less than 
the truth; and I am not prepared to say that the 
absorption by this substance is not 200 times that of 
the air in which it is diffused. Comparing a single 
molecule of aqueous vapour with an atom of either 
of the main constituents of our atmosphere, I am not 
prepared to say how many thousand times the action 
of the former exceeds that of the latter. 

These large numbers depend in part upon the 
extreme feebleness of the air ; the power of j^queous 
vapour seems vast, because that of the air with which 
it is compared is infinitesimal. Absolutely considered, 
however, this substance exercises a very potent 
action. Probably a column of ordinary air 10 feet 
long would intercept from 10 to 15 per cent of 
the heat radiated from an obscure source, and I 
think it certain that the larger of these numbers 
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fails to express the absorption of the terrestrial 
rays, eflTected within 10 feet of the earth's surface. 
This is of the utmost consequence to the life of the 
world. Imagine the superficial molecules of the 
earth trembling with the motion of heat, and im- 
parting it to the surrounding ether; this motion 
would be carried rapidly away, and lost for ever to 
OUT planet, if the waves of ether had nothing but 
the air to contend with in their ontward course. 
But the aqneous vapour takes up the motion of 
the ethereal waves, and becomes thereby heated, 
thus wrapping the earth like a warm garment, and 
protecting its surface from the deadly chili which it 
would otherwise sustain. Various philosophers have 
speculated on the influence of an atmospheric en- 
velope. De Saussure, Fourier, M. Pouillet and Mr 
Hopkins have, one and all, enriched scientific litera- 
ture with contributions on this subject, but the con- 
siderations which these eminent men have applied 
to atmospheric air, have now to be transferred to 
aqueous vapour. 

The observations of meteorologists fumish im- 
portant, though hitherto unconscious evidence of 
the influence of this agent. Wherever the air is diy 
we are liable to daily extremes of temperature. By 
day, in such places, the sun's heat reaches the earth 
unimpeded and renders the maximum high; by 
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night, on the otlier hand, the earth's heat escapes 
unhindered into space and renders the minimum 
low. Hence the difference between the maximum 
and minimum is greatest where the air is driest. 
In the plains of India, on the heights of the 
Himalaya, in central Asia, in Australia, — ^wherever 
drought reigns, we have the heat of day forcibly 
contrasted with the chili of night. In the Sahara itself, 
when the sun's rays cease to impinge on the buming 
soil, the temperature runs rapidly down to freezing, 
because there is no vapour overhead to check the 
calorific drain. And here another instance might 
be added to the numbers already known, in which 
nature tends as it were to check her own excess. 
By nocturnal refrigeration, the aqueous vapour of 
the air is condensed to water on the surface of 
the earth, and as only the superficial portions radi- 
ate, the act of condensation makes water the radi- 
ating body. Now experiment proves that to the 
rays emitted by water, aqueous vapour is especially 
opaque. Hence the very act of condensation, con- 
sequent on terrestrial cooling, becomes a safeguard 
to the earth, imparting to its radiation that par- 
ticular character which renders it most liable to be 
prevented from escaping into space. 

It might however be urged that, inasmuch as 
we derive all our heat from the sun, the selfsame 
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coveiing which protects the earth from chili must 
also shut out the solar radiation. This is partially 
true, but only partially ; the sun's rays are diflFerent 
in quality from the earth's rays, and it does not at 
all follow that the substance which absorbs the one 
must necessarily absorb the other. Through a layer 
of water, for example, one tenth of an inch in thick- 
ness, the sun's rays are transmitted with comparative 
freedom; but through a layer half this thickness, 
as Melloni has proved, no single ray from the 
warmed earth could pass. In like manner, the sun's 
rays pass with comparative freedom through the 
aqueous vapour of the air : the absorbing power of 
this substance being mainly exerted upon the heat 
that endeavours to escape from the earth. In con- 
sequence of this diflferential action upon solar and 
terrestrial heat, the mean temperature of our planet 
is higher than is due to its distance from the sun. 



13. Liquide and their Vapours in relation to 
Bddiant Heat 

The deportment here assigned to atmospheric 
vapour has been established by direct experiments 
on air taken from the streets and parks of London, 
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from the downs of Epsom, from the hills and sea- 
beach of the Isle of Wight, and also by experiments 
on air in the first instance dried, and afterwards 
rendered artificially humid by pure distilled water. 
It has also been established in the following way. 
Ten volatile liquids were taken at random and the 
power of these liquids, at a common thickness, to 
intercept the waves of heat was carefully determined. 
The vapours of the liquids were next taken, in quanti- 
ties proportional to the quantities of liquid, and the 
power of the vapours to intercept the waves of heat 
was also determined. Commencing with the sub- 
stance which exerted the least absorptive power, 
and proceeding upward to the most energetic, the 
following order of absorption was observed : — 

liquids. Vapours. 

Bisulphide of carbon. Bisulphide of carbon. 

Chloroform. Chloroform, 

lodide of methyl. lodido of methyl, 

lodide of ethyl, lodide of ethyl. 

BenzoL BenzoL 

Amylene. Amylene. 

Sulphuric ether. Sulphuric ether. 

Acetic ether. Acetic ether. 

Formic ether. Formic ether. 

Alcohol. Alcohol. 
Water. 
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We here find the order of absorption in both 
cases to be the same. We have liberated the mole- 
cules from the bonds which trammei them more or 
less in a liquid condition; but this change in their 
state of aggregation does not change their relative 
powers of absorption. Nothing could more clearly 
prove that the act of absorption depends upon the 
indiyidual molecule, which equally asserts its power 
in the liquid and the gaseous state. We may assur- 
edly conclude from the above table that the position 
of a vapour is determined by that of its liquid. 
Now at the very foot of the list of liquids stands 
water, signalizing itself above all others by its enor- 
mous power of absorption. And from this fact, even 
if no direct experiment on the vapour of water had 
ever been made, we should be entitled to rank that 
vapour as the most powerful absorber of radiant 
heat hitherto discovered. It has been proved by 
experiment that a shell of air two inches in thick- 
ness surrounding our planet, and saturated with the 
vapour of sulphuric ether, would intercept 35 per 
cent of the earth's radiation. And though the quan- 
tity of aqueous vapour necessary to saturate air is 
much less than the amount of sulphuric ether vapour 
which it can sustain, it is still extremely probable that 
the estimate already made of the action of atmo- 
spheric vapour within 10 feet of the earth's surface, 
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is altogether under the mark; and that we are in- 
debted to this wonderfiil substance^ to an extent not 
accurately determined, but certainly far beyond what 
has hitherto been imagined^ for the temperature now 
existmg at the surface of the globe. 



14. Reciprodty of Eadiation and Absorption. 

Throughout the reflections which have hitherto 
occupied us^ the image before the mind has been that 
of a radiant source generating calorific waves, which 
on passing among the scattered molecules of a gas 
or vapour were intercepted by those molecules in 
various degrees. In all cases it was the transference 
of motion from the ether to the comparatively 
quiescent molecules of the gas or vapour. We have 
now to change the form of our conception, and to 
figure these molecules not as absorbers but as ra- 
diators, not as the recipients but as the originators of 
wave motion. That is to say, we must figure them 
vibrating and generating in the surrounding ether 
undulations which speed through it with the ve- 
locity of light. Our object now is to enquire whe- 
ther the act of chemical combination^ which proves 
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so potent as regards the phenomena of absorp- 
tion^ does not also manifest its power in the 
phenomena of radiation. For the examination of 
this question it is necessary^ in the first place^ to 
heat onr gases and vapours to the same temperature, 
and then examine their power of discharging the 
motion thus imparted to them upon the ether in 
which they swing. 

A heated copper ball was placed above a ring 
gas-bnmer, possessing a great number of small aper- 
tures, the bumer being connected by a tnbe with 
vessels containing the varions gases to be examined* 
By a gentle pressure the gases were forced through 
the orifices of the bumer against the copper ball, 
where each of them, being heated, rosé in an ascend- 
ing column. A thermo-electric pile, entirely screened 
off from the hot ball, was exposed to the radiation 
of the warm gas, and the deflection of a magnetic 
needie connected with the pile, declared the energy 
of the radiation. 

By this mode of experiment it was proyed that 
the selfsame molecular arrangement which renders a 
gas a powerful absorber, renders it in the same de- 
gree a powerfal radiator, — ^that the atom or molecule 
which is competent to intercept the calorific waves 
is, in the same degree, competent to generate them. 
Thus, while the atoms of elementary gases proved 

4 
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themselves unable to emit any sensible amount of 
radiant heat, the molecules of compound gases were 
shown to be capable of powerfiiUy disturbing the 
surrounding ether. By special modes of experiment 
the same was proved to hold good for the vapours of 
volatile liquids, the radiative power of every vapour 
being found proportional to its absorptive power. 
These experiments were based upon the fact that 
atoms, such, for example, as those of air, which glide 
through the ether without sensible resistance, cannot 
thus glide among the molecules of another gas. 
^Vhen mixed with such molecules, the heated atoms 
communicate their motion to the molecules by 
direct collision, and if these be of a complex 
chemical character, they instantly disturb the ether 
which surrounds them, and thus lose their heat. 
Hence the motion possessed in the first instance 
by the atoms, and which the atoms are incompetent 
to discharge directly upon the ^ther, may, by the 
intervention of more complex molecules, be thus 
discharged. Suppose, then, a small quantity of any 
vapour to be introduced into an exhausted tube, and 
air to be subsequently allowed to rush in and fill 
the tube. By its impact against the sides of the tube 
the air is heated; the motion of heat is instantly 
imparted, by collision, to the molecules of the vapour, 
and they in their turn impart it to the ether, or, in 
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other words, reduce it to the radiant form. By this 
process, which has been called Dynamic Radiation, 
the radiative power of both vapours and gases has 
been determined, and the reciprocity of their radia- 
tion and absorption proved*. In the excellent re- 
searches of Leslie, De la Provostaye and Desains, 
and Mr Balfour Stewart, the reciprocity of radiation 
and absorption in the case of solid bodies has been 
variously illustrated; while the labours^ theoretical 
and experimental, of Kirchhoff have given this sub-» 
ject a wonderful expansion, and enriched it by 
applications of the highest kind. To their results 
are now to be added the foregoing, whereby a vast 
class of bodies hitherto thought inaccessible to ex- 
periment, are proved to exhibit the duality of radia- 
tion and absorption, the influence on both of chemical 
combination being exhibited in the most decisive 
and extraordinary way, 

^ When heated air imparts its motion to another gas or yapour, tbe 
transference of heat is accompaDied by a cbange of vibrating period. 
The Dynamic Badiation of vapours is rendered possible by the trans- 
mutation of vibrations. 
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15. Influence of Vibrating Period and Molecidar 
Form. Physkal analysis of the human breath. 

In the foregoing experiments with gases and 
vaponrs we have employed throughout invisible 
rays; some of these bodies are so impervious that 
in lengths of a few feet only, they intercept every 
ray as effectually as a layer of pitch would do. The 
substances however which show themselves thus 
opaque to radiant heat are perfectly transparent to 
light. Now the rays of light differ from those of 
invisible heat only in point of period, the former 
fiiiling to affect the retina because their periods 
of recurrence are too slow. Hence, in some way 
or other the transparency of our gases and va- 
pours depends upon the periods of the waves which 
impinge upon them. Wbat is the nature of this 
dependence? The admirable researches of Kirch- 
hoff help us to an answer. The atoms and mole- 
cules of every gas have certain definite rates of os- 
cillation, and those waves of ether are most copiously 
absorbed whose periods of recurrence synchronize 
with the periods of the molecules among which they 
jpasa Thus^ when we find the invisible rays absorbed 
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and the visible ones transmitted by a layer of gas, 
we conclude that the oscillating periods of the 
gaseous molecules coincide with those of the invisible, 
and not with those of the visible spectrum. 

It requires some discipline of the imagination to 
fonn a clear picture of this process. Such a picture 
is, however, possible. When the waves of ether 
impinge upon molecules whose periods of vibration 
coincide with the recurrence of the uudulations, the 
timed strokes of the waves cause the motion of the 
molecules to accumulate, as a heavy pendulum is set 
in motion by well-timed puffs of breath. Thousands 
of millions of shocks are received every second from 
the calorific waves, and it is not difficult to see that 
every wave, arriving just in, time to repeat the action 
of its predecessor, the molecules must finally be caused 
to swing through wider spaces than if the arrivals 
were not so timed In fact, it is not difficult to see 
that an assemblage of molecules, operated upon by 
contending waves, might remain practically quiescent, 
and this is actually the case when the waves of the 
visible spectrum pass through a transparent gas or 
vapour. There is here no sensible transference of 
motion from the ether to the molecules; in other 
words, there is no sensible absorption. 

One striking example of the influence of period 
may be here recorded, Caïbomc ^AÖl %^^ Sa» ^'Vï^^ ^'^ 
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thê feeblest of absorbers of the radiant heat emitted 
by solid sources. It is, for example, extremely trans- 
parent to the rays emitted by the heated copper 
plate already referred to. There are, however, cer- 
tain rays, comparatively few in number, emitted by 
the copper, to which the carbonic acid is impervious ; 
and could we obtain a source of heat emitting 
such rays only, we should find carbonic acid more 
opaque than any other gas to the radiation from 
that source. Such a source is actually found in the 
flame of carbonic oxide, where hot carbonic acid 
constitutcs the main radiating body. Of the rays 
emitted by our heated plate of copper, olefiant gas 
absorbs ten times the quantity absorbed by carbonic 
acid. Of the rays emitted by a carbonic oxide flame, 
carbonic acid absorbs twice as much as olefiant 
gas. This wonderful change in the power of the 
former as an absorber is simply due to the fact, that 
the periods of the hot and cold carbonic acid are 
identical, and the waves from the flame freely transfer 
their motion to the molecules which synchronize with 
them. Thus it is that the tenth of an atmosphere 
of carbonic acid, enclosed in a tube four feet long, 
absorbs 60 per cent. of the radiation from a carbonic 
oxide flame, while one-thirtieth of an atmosphere 
absorbs 48 per cent. of the heat from the same origin. 
Ju fact, the presence of the minutest quantity of 
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carbonic acid may be detected by its action on the 
rays from the carbonic oxide flame. Carrying, for 
example, the dried human breath into a tube four 
feet long, the absorption there effected by the car- 
bonic acid of the breath amounts to 50 per cent. of 
the entire radiation. Radiant heat may indeed be 
employed as a means of determining practically the 
amount of carbonic acid expired from the lungs. 
My assistant, Mr Barrett, has, at my request, made 
this determination. The absorption produced by the 
breath freed from its moisture, but retaining its 
carbonic acid, was first determined. Carbonic acid 
artificially prepared was then mixed with dry air in 
such proportions that the action of the mixture upon 
the rays of heat was the same as that of the dried 
breath. The percentage of the former being known 
immediately gave that of the latten The same 
breath analyzed chemically by Dr Frankland, and 
physically by Mr Barrett, gave the foUowing results: 

PercefKUage of Garbonie Acid in the human breath. 

Chemical analysis. Physical analysis. 

4-66 4-56 

6-33 5-22 

It is thus proved that in the quantity of 
ethereal motion which it ia com^eteïA» \Rk \aS6.^ xsj^^ 
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we have a practical measure of the carbonic acid of 
the breath^ and hence of the combustion going on 
in the human lungs. 

Still this question of period, though of the utmost 
importance, is not competent to account for the 
whole of the observed facts. The ether, as far as we 
know, accepts vibrations of all periods with the same 
readiness. To it the oscillations of an atom of oxygen 
are just as acceptable as those of a molecule of 
olefiant gas; that the vibrating oxygen tlien stands 
so far below the olefiant gas in radiant power must 
be referred not to period, but to some other pecu- 
liarity of the respective molecules. The atomic 
group which constitutes the molecule of olefiant 
gas, produces many thousand times the disturbance 
caused by the oxygen, because the group is able 
to lay a vastly more powerfiil hold upon the ether 
than the single atoms can. The cavities and iudenta^ 
tions of a molecule composed of spherical atoms may 
be one cause of this augmented hold. Another, 
and possibly very potent one may be, that the ether 
itself, condensed and entangled among the consti- 
tuent atoms of a compound, virtually increases the 
magnitude of the group, and hence augments the 
disturbance. Whatever may be the fate of these 
attempts to visualize the physics of the process, it 
wj}} Btiü remain true, that to account for the phe* 
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nomena of radiation and absorption we must take 
into consideration the shape^ size, and coniplexity of 
the molecules by which the ether is disturbed. 



16. Summary and Conclimon. 

Let us now cast a momentary glance over the 
ground that we have left behind. The general nature 
of light and heat was first briefly described : the com- 
pounding of 'matter from elementary atoms and the 
influence of the act of combmation on radiation and 
absorption were considered and experimentally illus- 
trated. Through the transparent elementary gases 
radiant heat was found to pass as through a vacuüm, 
while many of the compound gases presented almost 
impassable obstacles to the calorific waves. This de- 
portment of the simple gases directed our atten- 
tion to other elementary bodies^ the examination of 
which led to the discovery that the element iodine, 
dissolved in bisulphide of carbon, possesses the 
power of detaching, with extraordinary sharpness, 
the light of the spectrum from its heat, intercepting 
all lumineus rays up to the extreme red, and per- 
mitting the calorific rays beyoivd tli^ x^4l Xjc^ ^'öss^ 
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freely through it. This substance was then employed 
to filter the beams of the electric light, and to form 
foei of invisible rays so intense as to produce almost 
all the eflfects obtainable in an ordinary fire. Combus- 
tible bodies were bumt and refractory ones were raised 
to a white heat by the concentrated invisible rays. 
Thus, by exalting their refrangibility, the invisible 
rays of the electric light were rendered visible, and all 
the colours of the solar spectrum were extracted from 
utter darkness, The extreme richness of the electric 
light in invisible rays of low refrangibility was demon- 
strated, one-tenth only of its radiation consisting of 
luminous rays. The deadness of the optie nerve to 
those invisible rays was proved, and experiments 
were then added, to show that the bright and the 
dark rays of a body raised gradually to intense in- 
candescence, are strengthened together; that to reach 
intense white heat, intense dark heat must be gene- 
rated. A sun could not be formed, or a meteorite 
rendered luminous, on any other conditions. The 
light-giving rays constitute only a small fraction of 
the total radiation, their unspeakable importance to 
us being due to the fact that their periods are 
attuned to the special requirements of the eye. 

Among the vapours of volatile liquids vast dif- 
ferences were also found to exist, as regards their 
power of absorption. We foliowed, moreover, various 
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molecules from a state of liquid to a state of gas, and 
found, in both states of aggregation, the power of the 
individual molecules equally asserted. The position of 
a vapour as an absorber of radiant heat was proved 
to be determined by that of the liquid from which it 
is derived, Reversing our conceptions, and regarding 
the molecules of gases and vapours not as the reci- 
pients, but as the originators of wave motion ; not 
as absorbers but as radiators ; it was proved that the 
powers of absorption and radiation went hand in 
hand, the self-same chemical act which rendered a 
body competent to intercept the waves of ether, 
rendering it competent in the same degree to 
generate them. Perfumes were next subjected to 
examination, and notwithstanding their extraordinary 
tenuity, were found vastly superior, in point of ab- 
sorptive power, to the body of the air in which they 
were diflfiised. We were led thus slowly up to the 
examination of the most widely diffused and most 
important of all vapours — the aqueous vapour of our 
atmosphere, and we found in it a potent absorber of 
the purely calorific rays. The power of this substance 
to influence climate, and its general influence on the 
temperature of the earth, were then briefly dwelt 
upon. A cobweb spread above a blossom is sufficiënt 
to protect it from nightly chili; and thus the aque- 
ous vapour of our air, attenuated as it is, checks 
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the drain of terrestrial heat, and saves the surface 
of our planet from the refrigeration which would 
assuredly accrue, were no such substance interposed 
between it and the voids of space. We considered 
the influence of vibrating period and molecular form 
on absorption and radiation, and finally deduced 
from its action upon radiant heat, the exact amonnt 
of carbonic acid expired by the human lungs. 

Thus in brief outline have I placed before you 
some of the results of recent enquiries in the doinain 
of Radiation, and my aim throughout has been to 
raise in your minds distinct physical images of the 
various processes involved in our researches. It is 
thought by some that natural science has a dead- 
ening influence on the imagination, and a doubt 
inight fairiy be raised as to the value of any study 
which would necessarily have this effect. But the 
experience of the last hour must, I think, have con- 
vinced you, that the study of natural science goes 
hand in hand with the culture of the imagination. 
Throughout the greater part of this discourse we 
have been sustained by this faculty. We have been 
picturing atoms and molecules and vibrations and 
waves which eye has never seen nor ear heard, and 
which can only be discemed by the exercise of ima- 
gination. This, in fact, is the faculty which enables 
us to transcend the boundaries of sense, and connect 
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thè phehoraena of ónr visible world with those of 
an invisible one. Without imagination we never 
could have risen to the conceptions which have oc- 
cupied us here to-day; and in proportion to your 
power of exercising this faculty aright, and of as- 
sociating definite mental images with the terms em- 
ployed, will be the pleasure and the profit which 
you wül derive from this Lecture. The ontward 
facts of nature are insufficiënt to satisfy the mind. 
We cannot be content with knowing that the light 
and heat of the sun illuminate and warm the world. 
We are led irresistibly to enquire what is light, and 
what is heat ? and this question leads us at once out 
of the region of sense into that of imagination. 

Thus pondering, and asking, and striving to sup- 
plement that which is feit and seen, but which is 
incomplete, by something unfelt and unseen which 
is necessary to its completeness, men of genius have 
in part discemed, not only the nature of light and 
heat, but also, through them, the general relation- 
ship of natural phenomena. The power of nature is 
the power of motion, of which aU its phenomena 
are but special forms. It manifests itself in tan- 
gible and in intangible matter, being incessantly 
transferred from the one to the other, and inces- 
santly transformed by the change. It is as real in 
the waves of the ether as in the wavea of t\v<^ %fö5v.\ 
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the latter being in fact nothing more than the 
heaped-up motion of the former. For it is the calo- 
rific waves emitted by the sun which heat our air, 
produce our winds, and hence agitate our ocean. 
And whether they break in foam upon the shore, 
or rub silently against the ocean's bed, or subside 
by the mutual friction of their own parts, the sea- 
waves finally resolve themselves into waves of ether, 
and thus regenerate the motion from which their 
temporary existence was derived. This connexion is 
typical. Nature is not an aggregate of independent 
parts, but an organic whole. If you open a piano and 
sing into it, a certain string will respond. Change 
the pitch of your voice ; the first string ceases to 
vibrate, but another replies. Change again the pitch ; 
the first two strings are silent, while another re- 
sounds. Now in altering the pitch you simply 
change the form of the motion communicated by 
your vocal chords to the air, one string responding 
to one form, and another to another. And thus is 
sentient man sung unto by Nature, while the optie, 
the auditory, and other nerves of the human body 
are so many strings differently tuned and responsive 
to different forms of the universal power. 
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Pop. 8vo. 10*. 

HISTORICAL and CHSONOLOGICAL ENCTCLOPiEDIA, presenting 
in a brief and convenient form Chronological Notices of all the Great Events 
of Universal History. By B. B. Woodwaed, P.S.A. Librarian to the Qucen. 

[/» the press. 

HISTOBY of CHRISTIAN MISSIONS; their Agents and their Results 
By T. W. M. Mabshall. 2 vols. 8vo. 24*. 

HISTOBY of the EABLY CHTJBCH, from the First Preaching of the 
Gospel to the Council of Nicsea, a.d. 325. By the Author of 'Amy Herbert.' 
Fep. Svo. 4*. 6d. 

HISTOBY of WESLEYAN METHODISM. By Geobob Smith, 
F.A.S. New Edition, with Portraits, in 31 parts. JPrice 6rf. each. 

HISTOBY of MODEBN MTTSIC; a Gonrse of Lectures dclivered at 
the BK)yal Institution. By John Hullah, Professor of Vocal M-usic in 
King's College and in Queen*s College, Londou. Post Svo. 6*. Qd, 

HISTOBY of MEBICINE, from the Earliest Ages to the Present 
Time. By Edward Meeton, M.D. F.G.S. Vol. I. Svo. 12*. Qd. 
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SIB JOHN ELIOT, a Biography: 1590—1632. By John Fokster. 
With Two Portraits on Steel from the Originais at Port Eliot. 2 vols. 
crown Svo. 30*. 

LETTEBS and LIFE of FBANCIS BACON, inclnding all his Occa- 
sional Works. CoUected and edited, with a Commentary, by J. Spedding, 
ïrin. Coll. Cantab. Vols. I. and II. Svo. 24*. 

LIFE of BOBEBT STEPHENSON, F«B.S. Bj J. G. Jeaffbeson, 
Barrister-at-Law; and William Pole, F.KS. Merab. Inst. Civ. Eng. 
With 2 Portraits and many lUustrations. 2 vols. Svo. [Nearly ready. 

APOLOGIA pro VITA SUA : being a Reply to a Pamphlet entitled 
* What then does Dr. Newman mcan ? ' By John Hextiy Newman, D.D. 
Svo. 14*. 
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LIFE Of the DUKE of WELLINGTON. By the Rev. G. R. Gleig, 
M.A. PopularEdition, carefullyrevised; with copious Additions. Crown 
8to. 58. 

Brialmont and Gleig' s Life of the Duke of Wellington. 4 vols. 
8vo. with Illustrations, £2 14». 

Life of the Duke of Wellington, partly from the French of M. 
BRiALMOifT, partly from Original Documents. By the Rev. G. R. 
Gleig, M.A. 8vo. with Portrait, 15». 

FATHER MATHEW: a Biog^aphy. By John Francis Magüire, 
M.P. Second Edition, with Portrait. Post Svo. 12». 6(i. 

Rome ; its Rnler and its Institntions. By the same Author. New 
Edition in preparation. 

LIFE of AMELIA WILHELMINA SIEVEKING, from the German. 
Edited, with the Author's sanction, by Catheeine Winkwoeth. Post Svo. 
with Portrait, 12». 

FELIX MENDELSSOHN'S LETTERS from Itaït/ and Switzerland, 
translated by Lady Wallage, Third Edition, with Notice of Mendel- 
ssoHif's Life and Works, Vjy Henry F. Choeley; and Letters from 183:J to 
1847, translated by Lady Wallage. New Edition, with Portrait. 2 vols. 
crown Svo. 5». eacn. 

DIARIES of a LADY of QTJALITY, from 1797 to 1844. Edited, with 
Notes, by A. Hay ward, Q.C. Second Edition. Post Svo. 10». ed. 

REGOLLECTIONS of the late WILLIAM WILBERFORCE, M.F. 

for the County of York during nearly 30 Years. By J. S. Haepoed, D.CL. 
F.R.S. Post Svo. 7». 

LIFE and CORRESFONDENCE of THEODORE PARKER. By 

John Weiss. With 2 Portraits and 19 Wood Engravings. 2 vols. Svo. 30». 

SOTJTHEY'S LIFE of WESLEY. Fifth Edition. Edited by the Rev. 
C. C. SoüTHEY, M.A. Crown Svo. 7». 6d. 

THOMAS MOORE'S MEMOIRS, JOURNAL, and 'CORRESFOND- 

ENCE. Edited and abridged from the First Edition by Earl Russell. 
Square crown Svo. with S Portraits, 12». 6d. 

MEMOIR of the Rev. SYDNEY SMITH. By his Daughter, Lady 
Holland. With a Selection from his Letters', edited by Mrs. Austin. 
2 vols. Svo. 28». 

LIFE of WILLIAM WARBTTRTON, D.D. Bishop of Gloncester from 
1760 to 1779. By the Rev. J. S. Watson, M.A. Svo. with Portrait, IS». 

FASTI EBORACENSES : Lives of the Archbishops of York. By the 
late Rev. W. H. Dixon, M.A. Ed'ted and enlarged by the Rev. .T. Raine, 
M.A. In 2 vols. Vol. I. comprising the lives to the Death of Edward III. 
Svo. 15». 

VICISSITÜDES of FAMILIES. By Sir Beenard Bürke, Ulster 
King of Arms. First, Second, and Thied Seeies. 3 vols. crown Svo. 
12». Gd. each. 
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BIOGBAFHICAL SKETCHES. Bj Nassau W. Senior. Post 8yo. 
price 10«. 6d. 

ESSAYS ixL EGCLESIASTICAL BIOGBAPHT. B7 the Eight Hon. 
Sir J. Stephen, LL.D. Fourth Edition. 8vo.l4«. 

ASAGO'S BIOOBAPHIES of DISTINGTTISHED SGIENTIEIC HEK. 

By FEANgois Aeago. Translated by Admiral W. H. Smyth, F.B..S. the 
Rev. B. PowELL, MA. and R. Geant, M.A. 8vo. 18*. 

HAVNDEE'S BIO0BAPHICAL TEEASDHY: Mcmoirs, Sketches, and 
Brief Notices of above 12,000 Eminent Persons of All Ages and Nations. 
Fop. Svo. lOs. 



Criticism^ Philosophy^ Polity^ ^c. 

FAPINIAN: a Dialogue on State Affairs between a Constitational 
Lawyer and a Country Gentleman about to enter Public Life. By Geoegb 
Atzinson, B.A. Oxon. Serjeant-at-Law. Post Svo. 5s. 

On BEPBESENTATIYE GOVERNMENT. By John Stuart Mill. 
Second Edition, Sto. 9«. 

Dissertations and Discnssions. Bj the same Author. 2 vols. Svo. 
price 24». 

On Liberty. By the same Author. Third Edition. Post Svo. 7*. 6</. 

Frinciples of Folitical Economy. By the same. Fifth Edition. 
2 vols. Svo. 30». 

A System of Logic, Batiocinative and Inductive. By the same. 
Fifth Edition. Two vols. Svo. 25». 

TJtilitarianism. By the same. Svo. 5». 

LOBD BAGON'S WOBKS, collected and editcd by E. L. Ellis, M.A. 
J. Spedding, M.A. and D. D. Heath. Vols. I. to V. Philosophical Wbt^ 
5 vols. Svo. £4t 6». Vols. VI. and VII. Literary and Professional Works 
2 vols. £1 16». 

BACON'S ESSAYS with ANNOTATIONS. By E. Whately, D.D. 
late Archbishop of Dublin. Sixth Edition. Svo. 10». Qd. 

ELEMENTS of LOGIC. By E. Whatelt, D.D. late Archbishop of 
Dublin. Ninth Edition. Svo. 10». Qd. crown Svo. 4». 6rf. 

Elements of Bhetoric. By the same Author. Seventh Edition. 
Svo. 10*. 6d. crown Svo. 4». 6<i. 

English Synonymes. Edited by Archbishop Whatelt. 5th Edition. 
Fep. Svo. 3». 

MISCELLANEOTJS BEMAINS from the Common-place Book of the 
late Archbishop Whatelt. Edited by Miss E. J. Whatelt. Post Svo. 6». 
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ESSAYS OXL the ASMUnSTRATIONS of OBEAT BBITAIN from 

1783 to 1830, contributed to the JBdinburgh Beview hy the lUffht Hon. Sir 
G. C. Lewis, Bart. Edited by the Bight Hon. Sur E. Head, Bart. 8vo. 
with Portrait, 168, 

By the 8ame Author, 
A Dialogue on the Best Form of Government, 4«. 6d, 

Eftsay on the Orig^ and Formation of the Romance Lknguages» 

price 78. 6d. 

BQLstorical Snrvey of the Astronomy of the Ancients, 155. 

Inquiry into the Credibility of the Early Boman History, 2 vols. 
price S0«. 

On the Methods of Observation and Beasoning in Politics, 2 vols. 
price 2S8. 

Irish Distorbances and Irish Ghnrch Qnestion, I2s, 

Bemarks on the Ilse and Abnse of some Politica! Terms, 9s, 

On Foreign Jnrisdiction and Eztradition of Criminals, 2^. ed, 

The Fables of Babrins, Greek Text with Latin Notes, Fabt I. 

58. 6d. Pabt II. 3s. 6d. 

Snggestions for the Application of the Egyptological Hethod to 
Modem History, 1». 

An OÜTLINE of the NECESSABY LAWS of THOÜGHT : a Treatise 
on Pure and Applied Log^c. By the Most Eev. W. Thomsoit, DJ). Arch> 
bishop of York. Crown 8vo. 58. 6d. 

The ELEHENTS of LOGIC. By Thomas Shedden, M.A. of St. 
Peter*s CoU. Cantab. Crown 8vo. IJust ready. 

ANALYSIS of Mr. MILL'S SYSTEM of LOGIC. By W. Stebbino, 

M.A. Fellow ofWorcester College, Oxford. PostSvo. [Juat r&idy. 

SPEECHES of the BIGHT HON. LOBD MACAÜLAY, corrected by 

Himself. 8vo. 128. 

LOBD MACATJLATS SPEECHES on PABLIAHENTABY BEFOBH 

in 1831 and 1832. 16mo. Is. 

A DICTIONABY of the ENGLISH LANGUAGE. By R. G. Latham, 
M.A. M.D. F.II.S. Founded on that of Dr. Johnson, as edited by the Bev. 
H. J. ToDD, with numerous Emendations and Additions. Publishing in 36 
Parts, price Z8. Gd. each, to form 2 vols. 4to. 

The English Langnage. By the same Anthor. Fifth Edition. 8vo. 
price 18«. 

Handbook of the English Langnage. By the same Anthor. Foorth 

Edition. Crown Svo. 7^. 6d. 

Elements of Comparative Philology. By the same Anthor. Svo. 21 «. 
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THIESAIJEÏÏS of ENOLISH WOBSS and FHSA8ES, classified and 
arranged so as to facilitate the Expression of Ideas, and assist in Literary 
Composition. By P. M. Booet, M. D. léthEdition. Crown 8yo. 10». 6</. 

lECTVSES on the SGHENGE of LANOÏÏAOE, delivered at the Koyal 
Institution. By Max Mulles, M.A. Pellow of All Souls College, Oxford. 
FiBST Sbaibs. Fourth Edition. 8vo. 12s. Sbcono Sebies, with 31 Wood- 
cuts, price 18«. 

The DEBATER ; a Series of Complete Debates, Ontlines of Debates, 
and Questions for Discussion. By F. Bowtok. Fep. 8vo. 69. 

A CODHSE of EN0LISH BEADIN0, adapted to every taste and 
capacity ; or, Hovr and What to Bead. By the B«v. J. Ptcboft, B.A. Fep. 
Svo. 55. 

UANTTAL of ENOUaH UTEBATÏÏBE, Historical and Critica!: with 
a Chapter on English Metres. By T. Asirou), B.A. Prof. of Eng. Lit. Cath. 
Univ. IreUnd. Post Syo. IQs. 6d, 

«OUTHETS DOCTOR, complete in One Volume. Edited by the Rev. 
J. W. Wabtbb, B.D. Square crown Svo. 12». Qd, 

mSTOBIGAL and GBlTIGAL GOMMENTABY on the OLD TESTA- 
MENT ; With a New Translation. By M. M. Kaxisch, Ph.D. Vol. I. 
Genesis, Svo. ISs. or adapted for the General Bieader, lis. Tol. II. JBxodus» 
16s, or adapted for the General Bieader, 12«. 

AHebrew Granunar, with Exercises. By the same. Part I. Out" 
Unes with Exereises, Svo. 12«. 6d. Key, 5«. Pabt II. Exceptional Forms 
and ConstrucHons, 12«. 6d. 

A NEW LATHr-EKOIISH DIGTIONAEY. By the Rev. J. T. White, 
M.A. of Corpus Christi College, and £ev. J. E. Biddle, MA. of St. Edmund 
Hall, Oxford. Imperial Svo. 42«. 

A Diamond Latin-English Dictionary, or Gnide to the Meanin^, 
Quality, and Accentuation of Latin Clafisical Words. By the Bev. J. E. 
BiDDLB, M.A. 32mo. 4s. 

A NEW ENGLISH-GBEEK lEXIGON, containing all the Greek 
Words used by Writers of good authority. By C. D. Yoif ge, BA. Fourth 
Edition. 4to. 21«. 

A lEXIGON, ENGLISH and GBEEK, abridged for the ITse of 
Schools flrom his*Englisb-Greek Lexicon 'by the Author, C. D. Tonoe, B.A. 
Square 12mo. [Just read/y. 

A GBEEK-^ENGLISH LEXIGON. Compiled by H. G. Liddell, D.D. 
Dean pf Christ Church, and B. Scott, DJ). Master of BallioL Fifth Edition. 
Crown 4to. 31$. 6<2. 

A Lexieon, Greek and English, abridged from Liddell and Scott's 
Oreek'ÉngUsh Lexicon, Tenth Edition. Square 12mo. 7«. 6d. 

A FBAGTIOAL DICTIONABY of the ÊBENCH and ENGLISH LAN- 
GUAGES. By L. CoNTAirsBAU. 7th Edition. Post Svo. 10«. 6(2. 

Contansean*s Foeket Dictionary, French and English ; being a close 
Abridgmeut of the above, by the same Author. 2nd Edition. 18mo. &s. 



NEW WORKS PUBLI8HED BY LONGMAN and CO. 



NEW FBACTICAL DICTIONASY of the 0EBHAN LAN0ÏÏAOE; 

German-English and English-Geriran. By the Rev. W. L. Blacklet, MA. 
and Dr. Casl Maetin Feiedlandee. Post 8vo. [/» thepress. 



Miscellaneous Works and Popular Metaphysics. 

BECBEATIONS of a COTJNTBY FAB80N : being a Selection of the 
Contributions of A. E. H. B. to Fraser*s Magazine, Secobti) Series. Crown 
8vo. 38. 6d, 

The GommoxL-place Fhilosopher in Town and Conntrj. By the saine 
Author. Crown 8vo. Ss. 6d, 

Leisure Honrs in Town; Essays Consolatory, esthetica!, Moral, 
Social, and Domestic. By the same. Crown Svo. 3». 6rf. 

The Antomn Holidays of a Country Farson. By the same Anthor. 

1 vol. INearly ready, 

ESIENDS in COTJNGIL : a Series of Keadings and Disconrses thereon. 

2 vols. fep. Svo. 9». 

Eriends in Conncil, Second Sebies. 2 vols. post Svo. I4s, 

Essays written in the Intervals of Business. Fep. Svo. 2^;. 6d, 

Companions of My Solitude. By the same Author. Fep. Svo. Ss. 6d. 

LOBD MAGAVLAY'S MISCELLANEOUS 'WBITIN0S : comprising 
his Contributions to Knight's Quarterly Magazine, Articles ftrom the 
Edinburgh B«view not iucluded in his Critical and Historical Essays, Bio- 
Kraphios from the Encyclopcedia Britannica, Miscellaneous Poems and 
Inscriptions. 2 vols. 8vo. with Portrait, 21«. 

The BEY. SYBNEY SMITH'S MISCELLANEOUS WOBKS ; includ- 
ing his Contributions to the Edinburgh Review. 

LiBEAEY EDITION. 3 VOlS. 8V0. 365. 

Teavellee's Edition, in 1 vol. 21«. 
In Pocket Volumes. 3 vols. 21«. 
Peoplb's Edition. 2 vols. crown 8vo. 8*. 

Elementary Sketches of Moral Fhilosophy, delivered at the Koyal 

Institution. By the same Author. Fep. 8vo. 7«. 

The Wit and Wisdom of Sydney Smith: a Selection of the most 
memorable Passages in his Writings and Conversation. 16mp. Is. %d. 

Erom MATTEB to SFIBIT: the Result of Ten Years' Expericnee 
in Spirit Manifestations. By C. D. with a preface by A. B. Post Svo. 8». Qd. 

The HISTOBY of the SÜFEBNATTJBAL in All Ages and Nations, 
and in all Churches, Christian and Pagan ; Demonstrating a Universal Faith. 
By WiLLiAM HowiTT. 2 vols. post Svo. \%s. 

CHAFTEBS on MENTAL FHYSIOLOGY. By Sir Henrt Holland, 
Bart. M.D. F.R.S. Second Edition. Post Svo. &?. (k/. 
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ESSAYS selected from COKTBIBTJTIOKS to the Edinhurgh Review. 
By Heney Rogeks. Second Edition. 3 vols. fep. 21s. 

The Eclipse of Faith ; or, a Visit to a Eeligious Sceptic. By the 
same Author. Tonth Edition. Fep. 8vo. 5s. 

Defence of the Eclipse of Eaith, by its Author ; a rejoinder to Dr. 
Newman's Beply. Third Edition. Fep. 8vo. 'is. Gd. 

Sdlections from the Correspondence of B. E. H. Greyson. By the 

same Author. Third Edition. Crown 8vo. 7«. 6d. 

Eullerlana, or the Wisdom and Wit of Thomas Füller, with Essay 
on his Life and Genius. By the same Author. 16mo. 2*. Qd. 

BeasoxL and Falth, reprinted from the Edinhurgh Review. By the 
same Author. Fourth Edition. Fep. Svo. Is. Qd. 

An INTBODTJGTION to MENTAL FHILOSOPHT, on the Inductive 
Method. By. J. D. MoRELL, M.A. LL.D. Svo. 12«. 

Elements of Psychology, containing the Analysis of the Intellectual 
Powers. By the same Author. Post Svo. 7s. Qd. 

The SENSES and the INTELLECT. By Alexander Bain, M.A. 
Professor of Logic in the University of Aberdeen. Second Edition. Svo. 
price 15s. 

The Emotions and the Will, by the same Author ; completing a 
Systematie Exposition of the Human Mind. Svo. 15s. 

On the Study of Character, including an Estimate of Phrenology. 
By the same Author. Svo. 9s. 

HOTJBS WITH THE MYSTICS : a Contribution to the History of 
Religieus Opinion. By Robert Alpred Vaüöhait, B.A. Second Edition. 
2 vols. crown Svo. 12*. 

PS7CH0L0GICAL INQTJIBIES, or Essays intended to illustrate the 
Influence of the Phvsical Organisation on the Mental Faculties. By Sir B. 
C. Brodie, Bart. Fep. Svo. 5s. Part II. Essays intended to illustrate some 
Points in the Physical and Mond History of Man. Fep. Svo. 5s. 

The PHILOSOPHT of NECESSITT ; or Natural Law as apph'cable to 
Mental, Moral, and Social Science. By Charles Bray. Second Edition. 
Svo. 98. 

The Edncation of the Feelings and Affections. Bj the same Author. 
Third Edition. Svo.'Ss.Qd. 

CHBISTIANITY and COMMON SENSE. By Sir Willoüghby 
JoiTES, Bart. M.A. Trin. Coll. Cantab. Svo. Os. 



Astronomy^ Meteorology, Popular Geography^ Sfc. 

OTJTLINES of ASTBONOMT. By Sir J. F. W. Herschkl, Bart. 
M.A. Seventh Edition, revised ; with Plates and Woodcuts. Svo. 1S«. 
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AAAGO'S POPULAE ASTBONOMY. Translated by Admiral W. H. 
Smyth, F.R.S. and R. Gbant, M.A. With 25 Plates and 368 Woodonts. 
2 vols. 8yo. £2 5«. 

Arago'8 Meteorological Essays, with Introdnction by Baron Hdm- 
BOLDT. Translated under the superintendence of Major-General E.Sabine» 
R.A. Svo.lSs. 

Tlie WEATHEB-BOOK ; a Manual of Practical Meteorology. By 
Rear-Admiral Robebt Fitz Rot, R.N. P.R.S. Third Edition, with 16 
Diagrams. 8vo. 15s. 

SAXBTS WEATHEB SYSTEM, or Lnnar Inflnence on Weather, 
By S. M. Saxby, R.N. Principal Instructor of Naval Engineers, H.M. 
Steam Reserve. Second Edition. Post 8vo. 4». 

DOVE'S LAW of STOBMS considered in connexion with the ordi- 
nary Movements of the Atmosphere. Translated by R. H. Scott, M.A. 
T.OJ). Svo,l08.6d. 

CELESTIAL OBJEGTS for COMMON TELESCOPES. By the Rev. 
T. W. Wbbb, M.A. PJLA.S. With Map of the Moon, and Woodcuts. 16mo. 7*. 

PHYSIGAL 0EO0BAPHY for SCHOOLS and 0ENEBAL BEABEBS. 

By M. P. Mauey, LL.D. Author of *Physical Geography of the Sea,* &c. 
Pep. 8vo. with 2 Phites, 2s, 6d. 

A BIGTI0NAB7, Geographical, Statistical, and Historical, of the 
various Countries, Places, and Principal Natural Objects in the World. By 
J. R. M'Cülloch, Esq. With6Maps. 2 vols. 8yo. 6S«. 

A GENEBAL DICTIONABY of GEOGBAPHY, Descriptive, Fhysical, 
Statistical, and Historical : forming a complete Gazetteer of the Worid; By 
A. Keith Johk sïon, F.R.S.E. 8vo. 30«. 

A UAKTTAL of 0EOOBAPHY, Physical, Industrial, and Political. 
By W. HuOHES, F.R.G.S. Professor of Greography in KiTig*s College, and in 
Queen's College, London. With 6 Maps. Pep. 8vo. 78, 6d. 

Or in Two Parts :— Pakt I. Europe, 3». 6d, Pabt II. Asia, Africa, America, 
Australuia, and Polyuesia» és, 

The Oeography of British History; a Geographical description of 
the British Islands at Successive Periods, fW>m the Earliest Times to the 
Present Day. By the same. With 6 Maps. Fep. 8vo. 8«. 6d. 

The BEITISH EMPIBE ; a Sketch of the Geography, Growth, Natural 
and Political Features of the United Kingdom, its Colonies and Dependen^ 
des. By Cabolihe Bbay. With 6 Maps. Fep. 8vo. 7*. 6d. 

COLOiriSATIOir and COLOKIES : a Series of Lectnres deliTered be- 
fore the TJniversity of Oxford. By Hebman Mebiyalb, M.A. Professor of 
Political Economy. 8vo. 18». 

The AEBICANS at HOME : a popular Description of Afi-ica and the 
AfWcans. By the Rev. R. M. Macbbaib, MA. Second Edition; including 
an Account of the Dlscovery of the Source of the Nile. With Map and 70 
Woodcuts. Fep. 8vo. 6*. 

HABNBEB'S TBEASXTBY of 0EO0BAPHY, Physical, Historical, 
Descriptive, and Political. Completed by W. Hughes, P.R.G.S. With T 
Maps and 16 Plates. Pep. 8va lOs. 
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Natural History and Popular Science. 

The BLEMENTS of FHY8I0S or NATITBAL FHILOSOFHT. By 

Neil Abitott, M.D. 7 JS..S. Physician Extraordinary to the Queen. * Sixth 
Edition. Past 1. 8vo. 10». 6c?. 

HEAT CONSIDEBED as a MODE of MOTION; a Course of Lectarcc 
delivered at the Boyal Institution. By Professor John Tyndau., P.B.S. 
Crown 8vo. with Woodcuts, 12». Qd, 

YOLCANOS, the Gharacter of their Phenomena, their Share in the 
Structure and Composition of the Surfèee of the Globe, «fee. By G. Poulbtt 
ScBOFE, ILP. P.B..S. Second Edition. Svo.withillustrations, 15». 

A TBEATISE on ELEGTBIGITY, in Theory and Practice. 6j A. 
De la Biye, Prof. in the Academy of Genera. Translated by C. Y. Walkib, 
F.ILS. 3 vols. 8vo. with Woodcuts, jB3 13». 

The COBBELATION of FHTSIGAL EOBGES. By W. E. Grote, 
Q.C. V.P.B,.S. Fourth Edition. 8vo. Is. 6d. 

The GEOLOGIGAL MAGAZINE; or, Monthly Joamal of Geologr 
Edited by T. Eupbet Jones, P.G.S. Professor of Creology in the R. M. 
College, Sandhurst; assisted by J. C. Woodwaed, P.G.S. P.Z.S. British 
Museum. 8vo. with Illustratious, price 1». Qd. mouthly. 

A GiriDE to GEOLOGY. By J. Phillips, M.A. Professor of Geology 
in the University of Oxford. Fifbh Edition; with Plates and Diagrams. 
Fep. 8vo. 4». 

A GLOSETABY of MINEBALOGY. By H. W. Beistow, F.G.S. of 
the Geologieal Survey of Great Britam. "With 486 Figures. Crown 8vo. 12». 

FHILLIFS'S ELEMENTABY INTBODVOTION to MINEBALOGY, 

with extensive Alterations and Additiotis, by H. J. Bbooee, F JLS. and W. 
H. Millee, F.G.S. Post 8vo. with Woodcuis, 18». 

YAN DEB HOEVEN'S HANDBOOK of ZOOLOGY. Translated from 
the Second Dutch Edilion by the Rev. W. Clabk, M.D. F.R.S. 2 vols. 8vo. 
with 24 Plates of Figures, 60». 

The COMPABATIVE ANATOMY and PHYSIOLOGY of the VEBTE- 

brate Animals. By Richaed Owen, F.R.S. D.CL. 2 vols. 8vo. with 
upwards of 1,200 "Woodcuts. [i» the press, 

JSOMES WITHOUT HANDS : an Account of the Habitations con- 
structed by various Animals, classed according to their Principles of Con- 
struction. By Rev. J. G. "WooD, M.A. F.L.S. lUustrations on Wood by 
G. Fearson, l'rom Drawiugs byF. W. KeylandE. A. Smith. In course of 
publication in 20 Parts, 1». each. 

MANHAL of 0(EL£NTEBATA. By J. Rbay Greenb, B.A. M.R.L A. 
Edited by the Rev. J. A. Galbeaith, M.A. and the Rev. S. Hauöhtok, 
M.D. Fep. 8vo. with 89 Woodcuts. 5». 

Mannal of Frotozoa ; with a General Introduction on the Principles of 
Zoology. By the same Author and Editors. Fep. 8vo. witfa 16 Woodcuts, 2». 

Mannal of the Metalloids. By J. Apjohn, M.D. F.R.a and the 
same Editors. Fep. 8vo. with 38 Woodcuts, 7». 6d. 
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THE ALFS: Sketches of Life and Nature in the Monntains. Bj 
Baron H. VoN Beelepsch. Translated by the Bicv. L. Stephen, M.A. 
With 17 Illustrations. 8vo. 15*. 

The SEA and its LIVING WONDEBS. By Dr. G. Haetwig. 

Second (English) Edition. 8vo. with many Illustrations. 18». 

The TBOFICAL WORLD. By the same Author. With 8 Chromo- 
xylographs and 172 Woodcuts. 8vo. 21». 

SKETCHES of the NATT7RAL HISTORY of GETLON. By Sir J. 

Emeeson Tennent, K.C.S. LL.D. With 82 Wood Engravings. Post 8vo. 
price 128. 6d. 

Ceylon. By the same Author. 5th Edition ; with Maps, &c. and 90 
Wood Engravings. 2 vols. 8vo. £2 10». 

HIARYELS and MYSTERIES of INSTINCT ; or, Cnriosities of Animal 
Life. By G.Gaeeatt. Third Edition. Pep. 8vo. 7». 

HOME WALES and HOLIDAY RAMBLES. By the Kev. C. A. 

JOHNS, BA. P.L.S. Pep. 8vo. with 10 Illustrations, 6». 

EIRBY and SPENCE'S INTRODÜCTION to ENTOMOLOGY, or 

Elementsof theNaturalHistory ofinsects. Seventh Edition. Crown 8vo. 
price 5». 

MAÜNDER'S TREASÜRY of NATVRAL HISTORY, or Popular 
Dictionary of Zoology. Revised and corrected by T. S. Cobbold. M.D, 
Pep. 8vo. with 900 Woodcuts, 10». 

The TREASTJRY of BOTANY, on the Plan of Maunder's Treasury. 
By J. LiNDLEY, M.D. and T. Mooee, P.L.S. assisted bv other Practical 
Botanists. With 16 Plates, and many Woodcuts from designs by W. H. 
Fitch. Pep. 8vo. llnthepress. 

The ROSÉ AMATEUR' S GTJIDE. By Thomas Rivebs. 8th Edition. 
Pep. 8vo. 4». 

The BRITISH PLORA; comprising the Phaenogamous or Flowering 
Plants and the Ferns. By Sir W. J. HooKer, K.H. and G. A. Walkee 
Aenott, LL.D. 12mo. with 12 Plates, 14». or coloured, 21». 

BRYOLOGIA BRITANNICA; containing: the Mosses of Great Britain 
and Ireland, arranged and described. By W. WiLSOir. 8vo. with 61 Plates 
42». or eoloured, £4 4». 

The INDOOR GARDENER. By Miss Maling. Fep. 8vo. with 
eoloured Prontispieee, 5». 

LOtJDON'S ENCYCLOPiEDIA of PLANTS; comprisinff the Specific 
Character, Description, Culture, History, &e. of all the Plants found in 
Great Britain. With upwards of 12,000 Woodcuts. 8vo. £8 18». 6d. 

Londen' s Encyclopsdia of Trees and Shrnhs ; containing the Hardy 
Trees and Shrubs of Great Britain scientifically and popularly described. 
With 2,000 Woodcuts. 8vo. 50». 

HISTORY ot the BRITISH ERESHWATER ALG.S. By A. H. 
Hassall, M.D. With 100 Plates of Pigures. 2 vols. 8vo. price £1 16». 
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HAÜNDEB'S SGIENTIPIC and UTEBABY TBEA8TJB7 ; a Popalar 
Enoyclopsedia of Science, Literature, and Art. Fep. 8vo. lOs. 

A DICTIOKABT of SCIEITCE, LITEBATÜBE and ABT ; comprising 
the History, Description, and Scientific Principles of every Branch of 
Human Knowledge. Edited by W. T. BEANDE,T.E.S.L.and E. Fourth 
Edition, rcvised and corrected. [ Jn the press. 

ESSATS on SGIENTIPIC and otlier STJBJECTS, contributed to tbe 
Sdinburgh and Quarterly Beviews. By Sir H. Holland, Bart. M.D. 
Sccond Edition. 8vo. 14». 

ESSATS from the EDINBVBGH and QTJABTEBL7 BEVIEWS; 

with Addresses and otlicr pieces. By Sir J. P. W. Hebschel, Bart, MJL. 
8vo. 189. 



Chemistry, Medicine, Surgery^ and the Allied 
Sciences. 

A DICTIONABT of CHEMISTBT and the Allied Branches of ether 
Sciences ; founded on that of the late Dr. Ure. By Henby Watts, F.CS. 
assisted by eminent Contributors. 4 vols. 8vo. in course of publication in 
Mouthly Parts. Vol. 1. 31». Qd. and Vol. II. 26». are now reaoy. 

HANDBOOK of CHEMICAL ANALTSIS, adapted to the Unitary 
System of Notation : Based on Dr. H. Wills* Anleitung zur chemischen 
Analyse. By F. T. Conington, M.A. F.C.8. Post 8vo. 78. 6d.— Tables of 
QuALiTATivE Analysis to accompany the same, 28. 6d. 

A HANDBOOK of YOLVMETBICAL ANALYSIS. Bj Hobebt H. 
ScoTT, MA. T.C.D. Post 8vo. 4a.6d. 

ELEMENTS of CHEMISTBY, Tlieoretical and Practical. By William 
A. MiLLEB, M.D. LL.D. F.E.S. F.G.S. Professor of Chemistry. King*8 
Collie, London. 3 vols. 8vo. £2 12». Paet I. Chemical Physics. 
Third Edition enlarared, 12». Pabt II. Inoboanic Chemistby. Second 
Edition, 20». Pabt III. Obgan ic Chemistby. Sccond Edition, 20». 

A MANTTAL of CHEMISTBY, Descriptive and Theorctical. By 
William Odlino, M.B. F.R.S. Lecturer on Chemistry at St. Bartholo- 
mew's Hospital. Pabt 1. 8vo. 9». 

A Course of Practical Chemistry, for the us^^ of Medical Studente. 
By the same Author. Pabt I. crown 8vo. with Woodcuts, 4». Qd. Pabt II. 
(completion) just ready. 

The DIAGNOSIS and TBEATHENT of the DISEASES of WOMEN; 

including the Dü^osis of Pregnancy. By Gbaily Hewitt, M J). Pbysician 
to the British Lying-in Hospital. 8vo. 16». 

LECTTTBES oxl the DISEASES of INFANCY and CHILDHOOD. By 
Chablbs West, M.D, Ac. Fourth Edition, revised and enlarged. 8vo. 14». 

EXPOSITION of the SIONS and SYMPTOMS of PBEGNANCY: 

with other Papers on subjects connected with Midwifery. By W. F. 
Montgomeby, M.A. M.D. M.B,.I.A. 8vo. with Illustrations, 25». 
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A 8Y8TEM of 8TTX0EBY, Theoretical and Practical. In Treatises 

by Varioiis Authors, nrrangtKl and edited by T. Holmes, MJL Cwitab. 
iVssistaiit-Surgcoa to St. Cioorge's Hospital. 4 vols. tivo. 

Vol. I. General Fathology. 2 Is. 

Vol. II. Looal Ixgnries— Diseases of the Eye. 21^. 

Vol. in. Operative Surgery. Diseases of the Organs of l^cial 

Son»e, Rcspiratiou, Circulation, Locomotion aud Inuervation. 21S, 

Yol. 17. Diseases of the Alimentary Canal, of the ïïrino-genitaiy 

Orsans. of the Thyroid, Mamma aud Sidn ; witb Appendix of lüsoellaneoua 
Subjocts, and Genekal Index. [JEarly m October. 

LECTTJEES on the PEINCIPLES and PEACTICE of PHYSIC. By 

TnoMAS Watson, M.D. Physician-Extraordinary to the Queen. Fourth 
Edition. 2 vob. 8vo. 349. 

LECTTJEES on STJEGIGAL PATHOLOOY. By J. Paget. F.RS. Sur- 
geon-Extraordinary to the Queen. Edited by W. Tubites, M3. 8^'o. with, 
117 Woodcuts, 21». 

A TEEATISE on the CONTINVED FEVEES of 0EEAT BEITADr. 

By G. Mttbohison, M.D. Senior Physician to the London Fever HospitaL 
8vo. with coioured PUtes, 18». 

DEMONSTEATIONS of MIGEOSGOPIG ANATOMY; a Gaide to the 
Examination of the Animal Tissues and Fluids in Health and Disease, for 
the use of the Medical and Vcteriiiary Professions. Founded on a Course of 
Lectures delivered by Dr. Haelet, Prof. in Univ. CoU. London. Edited by 
G. T. Beown, late Vet. Prof. in the Boyal Agric. Coll. Cirencester. Svo. 
with Illustrations. [Nearly ready, 

ANATOMY, DESCEIPTIVE and STJEGIGAL. By Henrt Grat, 
F.R.S. With 410 Wood Engravings from Dissections. Third Edition, l^ 
T. Holmes, M JL. Cantab. B>oyal 8vo. 28». 

PHYSIOLOGIGAL ANATOMY and PHYSIOLOOY of MAN. By the 
late E. B. Todd, M.D. F.R.S. and W. Bowman, F.R.S. of King's College. 
With numerous ülustratious. Vol. II. Svo. 25». 

A New Edition of the PIEST YOLÏÏME, by Dr. Lionel S. Bsale, 

is preparing for publication. 

The CYGLOPJEDIA of ANATOMY and PHYSIOLOGY. Edited by 
the late E. B. Todd, M.D. F.E.S. Assisted by nearly all the most eminent 
ciiltivators of Physiological Science of the present age. 5 vols. 8vo. with 
2,853 Woodcuts, £« 6». 

A DICTIONAEY of PEACTICAL MEDICINE. By J. Coplaot), M.D. 
F.R.S. Abridgcd from the larger work by the Author, assisted by J. C. 
Copland, l vol. Svo. [In the press. 

Dr. Copland's Dictionary of Practical Medicine (the larger work). 
3 vols. Svo. £5 11». 

The WOEKS of SIE B. C. BEODIE, Bart. Edited by Cuahles 
HAWKiirs, F.E.C.S.E. 2 vols. Svo. [/w the press. 
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HEBICAL NOTES and BEFLECnOlTS. By Sir H. Holland, Bart. 
M.D; Third Edition. 8vo. 18». 

HOOFEB'S HEBICAL DICTIONABY, or Encyclopsedia of Mcdical 
Science. Ninth Edition, brought down to the present time, by Albx. 
Heney, MJ). IvoLSvo. lln the prees. 

A MANHAL of MATEBIA HEDICA and THEBAFEÜTIGS, abridged 
from Dr. Pebeira's Elements by F. J. Fabse, M.P. üantab. assisted by 
R. Behtley, M.E.G.S. and by R. Wabeington, E.C.S. 1 vol. Svo. 

Br. Fereira's Elements of Materia Medica and Therapentics» Third 
Editiou. By A. S. Taylor, M.I>. and G. O. Rees, M.D. 3 vols. Svo. with 
numerous Woodcuts, £& 15». 



The Fine ArtSy and Illustrated Editions. 

Thor NEW TESTAMENT of 0U& LORB and SAYIOBB JBSUa 
CHRIST. Illustrated with numerous Bngravings on Wood from tho OLD 
MASTERS. Crown 4to. prico 63s. cloth, gilt top; or price £5 5». elegaiitly 
bound in morocco. [/» October. 

LYBA' GERMANICA ; Hymns for the Sundays and Chief Festivals of 
the Christian Year. Translated by Catherinb Wijtkwoeth; 125 Illus- 
trations on Wood drawn by J. Leighton, P.S JL Fep. 4to. 21». 

CATS* and PMKLIE'S MOSAL EKBLEMS; with Aphorisms, Adages, 
and Proverbsofall Nations: comprising 121 Illustrations on Wood by J. 
Leighton, F.S.A. with au appropriate Text by R. Pigott. Imperial Svo. 
31». 6c2. 

BVNTAN'S FILC^BDTS FB06BESS: with 126 IllnstratioBS on Steel 
and Wood by C. Ben nett ; and a Preface by the Rev. C. Kingsley. Fep. 
4to. 21». 

The HISTOBY of OnR LOBB, as exempliüed in Works of Art : 
with that of His Types, St. John the Baptist, and othcr Persons of the Old 
and New Testament. By Mrs. JAMESOif and Lady Eastlake. Being the 
Fourth and concluding Seeies of *8acred and Legendary Art;' with 31 
Etchings and 281 Woodcut*. 2 vols. square crown Svo. 42». 

In the same Series, by Mrs. Jamebox. 
Legend» of the Süunts and Mieurtyrs. Fourth Edition, with 19 
EteiiiBgs and 187 Wood^tSi 2 vols. 31». 6(2. 

Legende of the Monastic Orders. Third Edition, with 11 Etchings 
and 88 Woodcuts. 1 vol. 21». 

Legend» of the Madoxma. Third Edition, with 27 Etchings and 165 
Woodcuts. 1 vol. 21». 



Arts^ Manufaciures^ (^x. 



ENGYCLOPJEBIA of ARCHITECTTJRE, Historical. Theoretical, and 
Practical. By Joseph Gwilt. With more than 1,000 Woodcuts. Svo. 42». 
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TTTSCAN SCTTLFTOBS, their' Lives» Works, and Times. With Illiis- 
trations from Original Drawings and Photographs. By Chaeles C. 
Peekins. 2 vols. imperial 8vo. lln tJie press. 



The ENGINEEB'S HANDBOOK; explainin^ the Principlcs which 
shoüld guide the young Engineer in the Coustruction of Machinery, By 
C. S. LowiïDES. Post 8vo. 58. 

The ELEMEKTS of MECHAIHSM, for Students of Applied Mechanics. 
By T. M. Goode VE, M.A. Professor of Nat. Philos. in King's Coll. London. 
With 206 Woodcuts. Post 8vo. 68. 6d. 

TTBE'S DICTIONABY of ABTS, MANTTFACTTTBES, and MINES. 

B«-written and enlarged by Robeet Hunt, F.R.S. assisted by numerous. 
gentlemen eminent in Science and the Arts. With 2,000 Woodcuts. 3 toIs. 
Svo. £4. 

ENCYCL0F2DIA of CIVIL ENGINEERING, Historica]. Theoretical, 
and Practical. By E. Geest, CE. With above 3,000 Woodcuts. 8vo.42s. 

TREATISE on MILLS and MILLWORE. By W. Tairbairn, CE. 
P.R.S. With 18 Plates and 322 Woodcuts. 2 vols. 8vo. 32s. or each vol. 
sepïffately, 16s. 

TTsefal Information for Engineers. By the same Author. First 
and Second Series, with many Plates and Woodcuts. 2 vols. crown 8vo. 21». 
or each vol. separately, 10». 6rf. 

The Application of Cast and Wronght Iron to Building Furposes. 
By the same Author. Third Editiou, with Plates and Woodcuts. 

INearly ready. 

The PRACTICAL MECHANICS JOURNAL: An Illustrated Record 
of Mechauical and Engineering Science, and Epitome of Patent Inventions. 
4to. price 1». monthly. 

The PRACTICAL DRATTGHTSMAN'S BOCK of INDTTSTRIAL DE- 
SIGN. By W. Johnson, Assoc. Inst. CE. With many hundred Illustrations. 
4to. 28». 6d. 

The FATENTEE' S MANHAL; a Treatise on the Law and Practice of 
Jjetters Patent for the use of Patcntees and Inventors. By J. and J. H. 
Johnson. Post 8vo. 7». 6d. 

The ARTISAN CLTTB'S TREATISE on the STEAM ENGINE, in lts 

various Applications to Mines, Mills, Steam Navigation, Railways and Agri- 
culture. By J. Bouene, CE. Pifth Edition ; with 37 Plates and 546 Wood- 
cuts. 4to. 42». 

A Catechism of the Steam Engine, in its various Applications to 
Mines, Mills, Steam Navigation, Railways, and Agriculture. By the samo 
Author. With 80 Woodcuts. Fep. 8vo. 6». 

The STORY of the GüNS. By Sir J. Emerson Tennbnt, K.C.S. 
'F.R.S. With 33 Woodcuts. Post 8vo. 7». 6f?. 

The THEORY of WAR Illnstrated by numerous Examples from His- 
tory. By Lieut.-Col. P. L. MacDougall. Third Edition, with 10 Plans. 
Post 8vo. 10».6d. 
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COLLIEBIES and COLLIEBS; A Handbook of the Law and leading. 
Cases relating thereto. By J. C. Fowleb, Barrister-at-Law. Fep. 8vo. fo. 

The AET of FEBFTTMEBY ; the History and Theory of Odours, and 
the Methods of Extracting the Aromas of Plants. By Dr. Piesse, F.G.S. 
Third Edition, with 53 Wocdeuts. Crown 8vo. lOs. 6d, 

Chemical, Natnral, and Fhysical Magie, for Javeniles during the 
Holidays. By the same Author. With 30 Woodcuts. Fep. 8vo. 3«. tó. 

The Lahoratory of Chemical Wonders: a Scientific Mélange for 
Young People. By the same. Crown Svo. 5s. tó. 

TALPA; or the Chronicles of a Clay Farm. By C. W. Hosktks, 
Esq. With 24 Woodeuts from Designs by G. Chuikshank. 16mo. 5s. 6d. 

H.B.H. the PBINCE CONSOBrS FABMS: An Agricultural Memoir. 
By JouN Chalmees Moeton. Dedicated by porraission to Her Majesty 
the QuEEN . With 40 Wood Engravings. 4to. 62s. 6d. 

Handboek of Farm Labeur, Steam, Water, Wind, Horse Power, 
Hand Power, &e. By the same Author. 16mo. Is. 6d. 

Handbook of Dairy Husbandry; comprising the General Manage- 
ment of a Dairy Farm, &e. By the same. 16mo. Is. Qd. 

LOTTDON'S ENCTCL0P2DIA. of AGBICTTLTTTBE : comprising the 
Laying-out, Improvement, and Management of Landed Property, and the 
Cultivation and Eeonomy of the Productions of Agrieulture. With 1,100 
Woodcuts. 8vo. 31». 6d. 

Loudon's Encylopsedia of Gardening: Comprising the Theory and 
Practice of Horticülture, Floriculture, Arboriculture, and (Landscape Grar- 
dening. With 1,000 Woodeuts. 8vo. 31».6d. 

Loudon's Encyclopsedia of Cottage, Farm, and Villa Archïtecture 
and Fumiture. With more than 2,000 Woodcuts. 8vo. 42». 

HISTOBY of WINDSOB GBEAT FABK and WINDSOB FOBEST. 

By WiLLiAM Menzies, Resident Deputy Surveyor. Dedicated by per- 
mission to H. M. the Qüeeit. With 2 Maps, and 20 Photographs by the 
Eael of Caithness and Mr. Bembbidge. Imperial folio, £8 88. 

BATLDON'S ABT of VALTTING BENTS and TILLAGES, and Claims 
of Tenants upon Quitting Farms, both at Michaelmas and Lady-Day. 
Eighth Edition,' adapted to the present time by J. O. Mobton. 



Religious and MoraL Works. 

An EXPOSITION of the 89 ABTICLES, Historical and Doctrinal. 
By E. Habold Bbowne, DJ). Lord Bishop of Ely. Sixth Edition, 8vo. 16». . 

The Pentateuch and the Elohistic Psalms, in reply to Bishop Colenso. 
By the same Author. 8vo. 2». 

Ezamination Questions on Bishop Browne's Ezposition of the 
Articles. By the Rev. J. Goble, M.A. Fep. 3». Qd, 
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FIVE LECTTJEES on the GHAEACTEB- of ST. PAUL ; being the 
Hvlaeon Lectures for 186iL By the Bev. J. S. Howsoir, D.D. Seeond 
Bdition. 8vo.9». 

A GBinCAL and GKAMMATICAL COMHENTABY on ST. FAUL'S 

Epistles. ByC. J.EllicotT, D.D. Lord Bishop of Gloucester andBristol. 8vo. 

CFalatians, Third Edition, 8^. 6cf. 

EphesianS) Third Edition, Ss, ed. 

Fastoral Epistles, Seeond Edition, 10$. Gd, 

Fhilippians, Colossians, and Fhilemon, Seeond Edition, 10«. ed, 

Thessalonians, Seeond Edition, 7s. ed. 

Historical Lectures on the Life of onr Lord Jesus Christ : being the 
Hiilsean Lectures for 1859. By .the same. Tïnrd Edition. 8vo. 10*. Qd. 

The Destiny of the Greatnre; and other Sermons preached before 
the University of Cambridge. By the same. Post 8vo. 58. 

The Broad and the Narrow Way; Two Sermons preached before 
the University of Cambridge. By the same. Crown 8vo. 28. 

Bev. T. H. HOBNE'S INTBODITGTION to the CBITICAIi STÏÏDY 

and Knowledge of the Holy Scriptares. Eleventh Edition, eorreeted and 
extended under careful Editorial revision. With éMaps and 22 Weodeuts 
and Pacsimiles. 4 vols. 8yo. £3 1S8. Qd. 

Bev; T. H. Horne*s Compeadions' Introduetimü to the Stmty atthe 

Bible, beiiig an Aualysis of the ktrger work by the same Author. Bc-edited 
by the Bev. John Atee, M.A. With Maps. &c. Post 8vo. 9». 

The TBEASTJBY of BIBLE KROWLEBOE, on the Plan of Sfonnder's 

. Treasuries. By the Bev. Jomr Aybe, M .A. Pep. 8vo« with Mapsand Uius- 

tratidns. [In the jtress. 

The QUIESK TSSTAHBNT; with Notes, Gramniatical and Exegetieal. 
By the Bev. W. Webstee, M.A. and the Bev. Tf . P. Wilktstsoit, THJL 2 
yola.8vo.£24». 

Yoii. L the Gospels and Aets, 20f. 

Vol. il the Epistles and Apocalypse, 24». 

The FOTTB EXFEBIMEVTff in Chnrch and State ; and the Conflicts 
ofChurches. By Lord Bobeet Montagtj, M.P. 8vo.l2«. 

EVEBY-DAY SCBIFTTJBE DIFFICULTIES explained and illustrated; 
Gospels of St. Matthew and St. Mark. By J. E. Peescott, MA. late 
PelloW'Of O. C. ColL Cautab. 8vo. 9». 

The PElfTATEXrCH and BOOX of JOSHITA Critically Examined. 
By J..W. CoiEveo, D.D. Lord Bishop of Natal. Part L the Pentateitoh*^ 
examined a8 an Historical Narrative. 8vo. Os, Paet IL tbe Age and 
AiUhor8hip of the Pentateuch Considered, 7s. 6d. Paet III. the Bock qf 
Deuteronomy, 8s. Pabt I¥. the First LI Chaptere of Genesis eaoeuiUnêduMmdi. 
eeparated, with Remarks on the Creation, theFally and the Jiduge^ ld*. 6(2. 
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:The XIFE and EPISTIJIS of ST. FAITL. By W. J. Coivtbbarb, 

M.A. late Fellow of Trin. Coll. Gantab. and J. S. HawsoK, P.D. Principal of 
the CoUegiate Institution, Liverpool. 

LiBSABY Edition, with all the Originiil Blustratioiifi, Maps, Landscapes 
on Steel, Woodcuts, &c. 2 vols. 4to. 48*. 

Iin'ERMBDiATE Edition, with a Selection of Maps, Flates, and Woodcuts. 
2 vols. square crown 8vo. 31*. Qd, 

People's Editioüt, revised and condensed, with 46 Blustrations and 
Maps. 2 vols. crown 8vo. l'ls, 

The T0TA6E and SHrPWBECE of 8T. FAÜL; with Dissertfttions. 
on the Ships and Navigration of the Ancients. By James Smith, P.E.S* 
Crown 8vo. Charts, 88. 6a. 

HIFP0L7TTTS and his AOE; or, the Beginnings and Froepects of 
Christianity. By Baron Bttnses', D.D. 2 vols. 8vo. 30». 

Ontlines of the Fhilosophy of TTniirerBal History, applied to Lan- 
guage and Religion : Containingan Account of the Alphabetical Conferences. 
By the same Author. 2 vols. 8vo. SSs. 

Analecta Ante-Nicsena. By the same Author. 3 vols. 8to. 42s. 

THE0L06IA 0EIUIEAHIOA. Translated by Süsannah Winswobth: 
with a Preface by the B«v. C. Eingsley ; and a Letter by Baron BuNSEir. 
Pep. 8vo. 6*. 

INSTETTCTIONS in the DOCTRINE and FBACTICE of OHBIS- 

tianity, as an Introductión to Confirm 
Lord Bishop of Calcutta. 18mo. 2». Qd, 



tianity, as an Introductión to Conflrmation. By G. E. L. Cottok, DJ), 



ESSAYS on BELIGION and LITESATTJEE. By Cardinal Wise- 
MAN, Dr. D. Bock, P. H. LAiira, and other Writers. Edited by H. E. 
MAiririNa» D J). 8vo. 

ESSAYS and BEVIEWS. By the Rev. W. Temple, D.D. the Rev. 
B. Williams, B.D. the Rev. B. Powell, M.A. the Rev. H. B. Wilsov, 
BJD. C. W. GooDwiN, M.A. the Bev. M. Pattison, B.D. and the Bev. B. 
JowETT, MA. UthEdition. Fep. 8vo. 5«. 

XOSHEIM'8 E0CLESIA8TICAL HISTOBY. Mübdock and «oames's 
Translation and Notes, re-edited by the Bev. W. Stttbbs, ILA. 3 vols. 
8vo. é5s, 

The GENTILE and the JEW in the Courts of the Temple of Christ : 
an Introductión to the History of Christianity. From the German of Prof. 
DÖLLiNGEE, by the Bev. JN. Daenbll, MA. 2 vols. 8vo. 21«. 

FHYSICO-FBOFHETICAL ESSAYS, on the Locality of the Etemal 
Inheritanoe, its Nature and Character ; the Besurrection Body ; and the 
Mutual Becognition of Glorified Saints. By the Bev. W. LisiSB, P.G.S. 
Crown8vo. 6». 

BISHOP JEBEHY TAYLOB*S ENTIBE WOBKS: With Life by 
Bishop Uebeb. Bevised and corrected by the Bev, C. P. Edsit, 10 vols. 
8vo. £6 tis. 
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PASSING TH0TT6HTS on BELIGION. By the Author of «Amj 
Herbert.* 8th Edition. Fep. 8vo. 5s. 

Thonghts for the Holy Week, for Yoang Persons. B7 the same 
Author. 2d Edition. Fcp.Svo. 2«. 

Night Lessons £rom Scriptnre. Bjr the same Author. 2d Edition. 
32mo. Ss. 

Self-Ezamination before Confirmation. By the same Author. 32mo. 
price l8. 6d. 

Beadings for a Honth Freparatory to Confirmation, from Writers 
of the Early and English Church. By the same. Fep. és. 

Beadings for Every Day in Lent, compiled from the Writings of 
Bishop Jeremt Tayloe. By the same. Fep. 8vo. 5«. 

Preparation for the Holy Commnnion; the Devotions chiefly from 
the works of Jebemy Taylob. By the same. 32mo. Ss. 

HOBNING CLOTTDS. Second Edition. Fep. 8vo. 5«. 

The Afternoon of Life. By the same Author. Second Edition. 
Fep. 5s. 

Frohlems in Hnman Nature. By the same. Post 8yo. 5s. 

The WIFE'S MANTIAL; or, Prayers, Thoughts, and Songs on Several 
Oeeasions of a Matron's Life. By the Eev. W. Calvekt, mX Crown 8vo. 
price 108. 6d, 

SFIBITTJAL SONGS for the STTNDAYS and HOLIBAYS through- 
out the Year. By J. S. B. Monsell, LL.D. Yicar of Egham. Third Edition. 
Fep. 8vo. 48. 6d. 

HYMNOLOGIA CHBISTIANA ; or, Psalms and Hymns selected and 
arranged in the order of the Christian Seasons. By B. H. Kennbdy, D.D. 
Prebendary of Lichfield. Crown 8vo. 7s. Qd. 

LYBA SACBA; Hymns, Ancient and Modern, Odes and Pragments 
of Sacred Poetry. Edited by the Eev. B. W. Savile, M.A. Fcp.8vo.5». 

LYBA GEBMANICA, translated from the German by Miss C. Wink- 

woBTH. F1E8T Seeies, Hymns for the Sundays and Chief Festivals; 
Second Sebies, the Christian Life. Fep. 8vo. 58. each Seeies. 

Hymns from Lyra Germanica, 18mo. Is. 

LYBA ETTCHABISTICA; Hymns and Verses on the Holy Commnnion, 
Ancient and Modern : with other Poems. Editedby the Rev. Oeby Ship- 
LEY, M.A. Second Edition, revised and eularged. Fep. 8vo. 7». Qd. 

Lyra Hessianica ; Hymns and Verses ón the Life of Christ, Ancient 
and Modern ; with other Poems. By the same Editor. Fep. 8vo. 78. 6d. 

Lyra Mystica ; Hymns and Verses on Sacred Subjects, Ancient and 
ModArn. Forming a companion volume to the above, by the same Editor. 
Fep. 8vo. [Nearly ready. 
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LTBA DOMESTICA; Christian Songs for Domestic Edification. 
Translated from the Psaltery and Harp of C. J. P. SpiTTA.and trom other 
souroes, by Bichakd Massie. Fibst and Secobd Sebieb, fep. 8vo. 
priceés. èd. each. 



The CHOBALE BOOK for ENGLAND; a complete Hymn-Book in 
accordance with the Services and Festivals of the Church of Eneland: the 
ymns translated by Miss C. Winkwoeth ; the tunes arranged by Prof. 
. S. Bennett and Otto G oldschmidt. Pep. 4to. 10«. M, 

Congregational Edition. Fep. Svo. price Is, Qd. 



Hyn 
W.fi 



Travels, Voyages, ófc. 

EASTEBN ETTBOFE and WESTEBN ASIA. Political and Social 
Sketches on Bussia, Greece, and Syria. By Henbt A. Tiiley. With 6 
Illustrations. Post Svo. 10«. %d. 

EXPLOBATIONS in SOTTTH-WEST AFBICA, from Walvisch Bay to 
Lake Ngami and the Victoria Falls. By Thomas Baineb. Svo. with 
Map and Illustrations. [In October, 

SOUTH AMEBICAN SKETCHES; or, a Yisit to Kio Janeiro, the 
Organ Mountains, La Plata, and the Paranè. By Thomas W. Hiütchijïp, 
M.A. F.R.G.S. Post Svo. with Illustrations, 128. 6d. 

EXPLOBATIONS in LABBADOB. By Henrt Y. Hind, M.A. 
F.B.G.S. With Maps and Illustrations. 2 vols. Svo. 32«. 

The Canadian Bed Biver and Assinnihoine and Saskatchewan 

Exploriug Expeditions. By the s^ne Author. With Maps and Illustrations. 
2 vols. Svo. 428. 

The CAPITAL of the TYCOON ; a Narrative of a Three Years' Resi- 
dence in Japan. By Sir Ruthebbobd Axcock, K.C.B. 2 vols. Svo. with 
numerous Illustrations, 42«. 

LAST WINTEB in BOME and other ITALIfliN CITIES. By C. 
R. Weld, Author of * The Pyrenees, West and Bast,* &c. 1 vol. post Svo. 
with a Portrait of ' Stella,* and Engravings on Wood from Sketches by 
the Author. lln the AtUumn, 

ATTTTTHN BAMBLES in NOBTH AFBICA. By John Ormsbt, 

of the Middle Temple, Author of the 'Ascent of the Grivola,* in 'Peaks, 
Passes, and Glaciers.* With 13 Illustrations on Wood fi'om Sketches by the 
Author. Post Svo. S«. 6<Z. 

PEABS, PASSES, and GLACIEBS; a Series of Excursions by 
Mombers of the Alpine Club. Edited by J. Ball, M.R.I.A. Fourth 
Edition ; Maps, Illustrations, Woodcuts. Square crown Svo. 21».— Tbavel- 
LEBS* Editiox, condensed, 16mo. Gs.Qd. 

Second Series, edited by E. S. Kennedt, M.A. F.R.G.S. With 
many Maps and Illustrations. 2 vols. square crown Svo. 42». 

Nineteen Maps of the Alpine Districts, from the First and 
Second Series of Peaks, Passes, and Glaciers, Price 7«. 6c?. 
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^e DOLOHTTE XOXTNTAINB. Excarsions throagh TttoI, Carinthia, 
Ckrniola, and Friuli in 1861, 1862, and 1863. By J. Gilbert and G. O. 
ChubohiMi, FJLG,S. With numerous Illustratums. Square crown 
8vo. 21». 

JCOIFKTAINXEBING in 1861; a Yacation Tour. By Prof. J. 
TYKDjLiiL, F.R.6. Square crown Svo. with 2 Views, Is. 6d. 

A SXTBIMEB TOüB in the GSI80KS and ITALIAN VALLETS of 

the Bemina. By Mrs. Henet Fbeshpibld. With 2 Coloured Maps and 
4 Views. Post Svo. lüs,Qd. 

Alpine Byeways; or, Light Leaves ^athered in 1859 and 1860. By 
the same Authoress. Post Svo. with niustrations, 10». 6d. 

A LABTS TOTTB BOüKD KOlTrE BOSA; including Yisits to the 
Italian Valleys. With Map and lUustrations. Post Svo. 14s. 

<0inDE to the FTBEKEES, for the use of Mountaineers. By 
Ohables Packe. With Maps, &c. and a new Appendix. Fep. 6s. 

OTTIDE to the CENTBAL ALPS, including the Bernese Oberland, 
Eastern Switzerland, Lombardy, and Western Tyrol. By John Ball, 
M.B..I.A. Post Svo. with 8 Maps, 7«. ed. or with an Ikteoductioit on 
Alpine Travelling, and on the Geology of the Alps, Ss. Qd. The Inteoduc- 
TiON separately, Is. 

-flnide to the Western Alps. By the saxne Author. With an 
Article on the Geology of the Alps by M. £. Desob. Post Svo. with Maps, 
&c. 7s. Qd, 

A WEEK at the LAND'S END. By J. T. Blight ; assisted by E. 
H. BoDD, E. Q. CoucH, and J. Balfs. With Map and 96 Woodcuts. Fop. 
Sro,Qs.ed. 

TISITS to BEMABEABLE PLACES : Old Halls, Battle-Fields, and 
Scènes Illustrative of Striking Passages in English History and Poetry. 
By WiLLiAM HowiTT. 2 vols. square crown Svo. with Wood Bngravings, 
prioe 25«. 

The BIJBAL LIFE of ENGLAND. By the same Anthor. With 
Woodcuts by Bewiök and Williams. Medium Svo. 12^. Qd. 



Works of Fiction. 

LATE LATIBELS : a Tale. By the Author of ' Wheat and Tares.' 2 

vols. post Svo. 168, 

eSTLL GBANGE. By the Aathor of *Headlong HalL' Post 8to. 

price 78. 6d, ' 

A FIBST FBIENDSHIP. [Reprinted from Frasei's Magazine.'] 
Crown Svo. 7». Qd. 

TELALATTA. ; or, the Great Commoner : a Political Komance. Crown 
Svo. 98. 
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ATHESSTONE FSIOBY. B/ L. N. Cohtn. 2 vols. post 8vo. 21«. 
Ellice : a Tale. By the same. Post 8vo. 9^. Qd, 

Thjd LAST of the OLD SQÏÏIBES. By the Bev. J. W. Wabteb; BlD. 

Secoud Edition. Fep. Svo. 4«. 6£Z. 

TALES and STOBIES by the Anthor of ' Amy Herbert,' uniform 
Edition, each Story or Me in a single Volume. 

Amy Hebbebt, 2«.6d. 
Gebtbude. 2». 6d. 
Eabl'8 Daughteb, 28. 6d. 

EXPEBIENCE OF LiFE, 2«. 6d. 

Cjjsve Haix, Ss. 6d, 



Iyobs, Zs. ed, 

Kathabinb AsHTOir, 3ê, etsL^ 
Mab&abet Pebciyal, 6^ 
Laneton Pabsoitaoe, 49. 6d, 
Ubsuul, 49.6d. 



A Glimpse of the World. By the Author of *Amy Herbert/ Fep. 7s, ed, 

ESSAYS on FICTION ; comprising Artides on Sir W. Scott, Sir E. B. 
Lytton, Colonel Seniob. M r. Th aceeba y, and Mrs. Beecheb Stowe. Re- 
printed chiefly frotii the Edinburgh, ^larteHy^ and Weslminster Bemewê \ 
with large Additions. By Nassau W. Seiïiob. Post 8vo. 10». 6d. 

The GLABIATOES : A Tale of Kome and Judaea. By G. J. Whytk 

Melville. Crown 8vo. 

Digby Grand, an Autobiography. By the same Anthor. 1 vol. 5«. 
Eate Coventry, an Autobiography. By the same. 1 vol. 5«. 
General Bonnce, or the Lady and the Loensts. By the same. I voL bs, 
Holmby Honse, a Tale of Old Northamptonshire. 1 vol. 58. 
Good for Nothing, or All Down Hill. By the same. 1 yoI. 6«. 
The Qneen's Maries, a Romance of Holyrood. 1 y^A, 6«. 
The Interpreter, a Tale of the War. By the same. 1 vol. 5«. 

TALES from GBEEE KTTHOLOGY. By the Bev. 6; W. Cox, MA. 

late Scholar of Trin. Coll. Oxon. Second Edition. Square 16ino. 3«. 6(L 

Tales of the Gods and Heroes* By the same Anthor. Seconde 
Edition. Pep. 8vo. 5«. 

Tales of Thebes and Argos. By the same Anthor. Fep. 8to. As. 6d, 

The WABDEU : a Novel. By Anthont Tsolloi». Crown 8yo.3«. 6d, 

Barchester Towers : a Sequel to * The Warden.' By the same 
Author. Crown 8vo. 5». 

The SIX SISTEBS of the VALLEYS: an Historica] Komance. By 
W. Bbamley-Moobb, ma. Incumbent of Gerrard's Cross, Bucks. With 
1 4 lUustrations on Wood. Crown 8vo. 5s. 
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Poetry and the Drama, 



HOOBE'S FOETICAL WOBKS, Cheapest Editions complete in 1 vol. 
including the Autobiographical Prefaces and Author's last Notes, which are 
still copyright. Crown 8vo. ruby type, with Portrait, Is, 6d. or People's 
Edition, in larger type, 12s. 6d. 

Moore's Foetical Works, as above, Library Edition, medium 8vo. 
with Portrait and Vignette, 21». or in 10 vols. fep. 'ós. Qd. each. 

TENNIEL'S EDITION of MOOBE'S LAILA BOOKH, with 68 Wood 
Engravings from original Drawings and other Illustrations. Pep. éto. 21s. 

Hoore's Lalla Bookh. 32mo. Plate, Is. 16mo. Yigcette, 2s. ed. 
Square crown 8vo. with 13 Plates, 15s. 

MACLISFS EDITION of HOOBE'S IBISH MEIODIES, with 161 
Steel Plates from Original Drawings. Super-royal 8vo. 31». 6d. 

Moore's Irish Helodies, 32mo. Portrait, Is. 16mo. Vignette, 2*. Ge?. 
Square crown 8vo. with 13 Plates, 21». 

SOTTTHEY'S FOETICAL WOBKS, with the Author's last Corrections 
and copyright Additions. Library Edition, in 1 vol. medium 8vo. with 
Portrait and Vignette, lés. or in 10 vols. fep. 3s. 6d. each. 

LATS of ANCIENT BOME ; with Iv/y and the Armada. "By the 
Bight Hon. Lobd Macaulat. 16mo, 4s. 6d. 

Lord Macanlay's Lays of Ancient Bome. With 90 Illustrations on 
Wood, Original and from the Antique, from Drawings by G. Schakp. Pep. 
4to. 21». 

FOEMS. By Jean Ingelow. Seventh Edition. Fep. Svo. 5s. 

FOETICAL WOBKS of LETITIA ELIZABETH LANDON qL.E.L.) 

2 vols. IBmo. 10». 

FLAYTIME with the FOETS : a Selection of the best English Poetry 
for the use of Children. By a Lady. Crown Svo. 5». 

The BEVOLTTTIONABY EFICK. By the Right Hon. Benjamin 

DiSBAELI. Fep. 870. 5». 

BOWDLEB'S FAMILT SHAKSFEABE, cheaper Genuine Edition, 
complete in 1 vol. large type, with 36 Woodcut Illustrations, price 14». or 
with the same Illustkations, in 6 pocket vols. 5». each. 

An ENGLISH TBAGEDT ; Mary Staart, from Schiller ; and Mdlle. 
De Belle Isle, from A. Dumas,— each a Play in 5 Acts, by Fbances Anne 
Eemble. Post Svo. 12». 



Rural Sports, ^t. 

EirCYCLOF.ffiDIA of BUBAL SFOBTS; a complete Account, His- 
torical. Practical, and Descriptive, of Hunting, Shooting, Fishing, Bacing, 
Ac. By D. P. Blaine. With above 600 Woodcuts (20 from Designs by 
John Leech). Svo. 42». 
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COL. HAWKEB'S INSTBTTCTIONS to TOTTNa SFOBTSMEN in all 

that relates to Guns and Shooting. Bevised by the Author's Soir. Square 
orown 8vo. with Illustrations, ISs, 

NOTES on BIFLE SHOOTING. By Captain Hbaton, Adjatant of 
the Third Manchester Rifle Volanteer Corps. Fqp. 8vo. '2s. 6d. 

The DEAD SHOT, or Sportsman^s Complete Galde ; a Treatise on 
the Use of the Gun, Dog-breaking, Pigeon* shooting, &c. By Masksman. 
ïcp. 8vo. with Plates, 5». 

The CHASE of the WILD BEB DEEB in DEVON and SOHEBSET. 

By C. P. COLLTNS. With Map and Illustrations. Square crown 8vo. 16». 

The FLY-FISHEB'S ENTOMOLOGY. By Alfred Ronai-ds. With 
coloured Bepresentations of the Natural and Artificial Insect. 6th Edition ; 
with 20 coloured Plates. 8vo. 14». 

HANBBOOE of ANGLING : Teaching Fly-fishing, Trolling, Bottom- 
fishing, Salmon-fishing ; with the Natural History of Biver Fish, and the 
best modes of Catching theui. By Ephemeba. Fep. Woodcuts, 5». 

The CBICKET FIELD ; or, the History and the Science of the Game 
of Cricket. By J. Pyceoft, B.A. Trin. CoU. Oxon. 4th Edition. Fep. 
8vo. 68. 

The Cricket Tntor ; a Treatise cxclasivcly ï^ractical. By the same. 
18mo. Is. 

The HOBSE'S FOOT, and HOW to KEEF IT SOUND. By W. 

Miles, Esq. 9th Edition, with Illustrations. Imp. 8vo. 128, (od, 

A Plain Treatise on Horse-Shoeing. By the same Aathor. Post 
8vo. with Illustrations, 28, 

General Bemarks on Stables, and Ëxamples of Stable Fittings. By 
the same. Imp. Svo. with 13 Plates, 15s. 

Bemarks on Horses' Teeth, adapted to Farchasers. By the same 
Author. Crown Svo. Is. 6d. 

The HOBSE : with a Treatise on Draaght. By William Youatt. 
New Edition, revised and enlarged. Svo. with numcrous Woodcuts, lOs. Qd. 

The Dog. By the same Author. Svo. with numeroas Woodcats, 6*. 

The DOG in HEALTH and DISEASE. By Stonehenge. With 70 
Wood Engravings. Square crown 8vo. 158. 

The Greyhonnd. By the same. With many Illustrations. Square 
crown Svo. 215. 

The OX ; his Diseases and their Treatment: with an Essay on Parturi- 
tion in the Cow. By J. B. Dobson, M.R.C. V.S. Post Svo. with Illustrations. 

IJust ready. 
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Gommerce^ Navigatim^ and Mercantile Affdirs. 

The LAW of 1FATI0NS Considered as Independent Political Cknn- 
munities. By Travers Twiss, D.C.L. Regius Professor of Civü Law in the 
Universityof Oxford. 2 vols. 8vo. 30*. or separately, Part L Peace, 12». 
Part II. War, 18». 

A DICTIONABY, Practical, Theoretical, and Historical, of Com- 
merce and Commercial Navigatioo. By J. £. M'Culloch, Esq. 8vo.witli 
Maps and Plans, 50». 

Tlie STTJDY of STEAM and the UASIirE ENGINE, for Yoang 
SeaOffieers. 3y B. M. Baxby, B.N. Post Svo.with 87 Diagrams, 6». 6<2. 

A NAÜTICAL DICTIONABY, defining the Technical Language re- 
lative to the Building and Equipment of Balling Vessels and Steamers, Ac. 
By Arthvr YovsQt. Second JBdition ; with Plates and 150 Woodcuts. 
8vo. 18». 

A MANHAL for NAVAI. CADETS. By J. M'Nbil Botd, late Cap- 
tain B.N. Third Edition; .with 240 Woodcuts and 11 coloured Plates. 
P<wt8vo.l2».6(2. 
•♦* Bvery Cadet in the Boyal Navy is required by the Biegulations of the 

Admiralty to have a copy of this work on his entry into the Navy. 



Worhs of ütility and General Information. 

XODEBN COOKEBY for FBIVATE FAMILIES, reduced to a System 
of Easy Practice in a Series of carefuUy-tested Receipts. By Eliza AcTOir. 
Newly revised and enlarged; with 8 Plates, Figures, and 150 Woodcuts, 
Fep. 8V0.7». tó. 

On FOOD and its DIGESTION ; an Introduction to Dietetics. By 
W. Brinton, M.D. Physician to St. Thomas's Hospital, &c. With 48 Wood- 
cuts. Post 8vo. 12». 

ADITLTESATIONS DETECTED ; or Plain Instructions for the Bis- 
covery of Prauds in Food and Medicine. By A. H. Hassall, MJ). Crown 
8vo. with Woodcuts, 17». Qd, 

The VINE and its FETIIT, in relation to the Production of Wine. 
By James L. DEWMAir. Crown 8vo. 8».6d. 

WINE, the VINE, and the CELLAB. By Thomas G. Shaw. With 

28 lUustrations on Wood. 8vo. 16». 

A FBACTICAL TBEATISE on BSEWING ; with Formnke for Public 
Brewers, and Instructions for Private Families. By W. Black. 8vo. 10». M, 

SHOBT WHIST; its Rise, Progress, and Laws ; with the Laws of 
Piquet, Cassino, Ecarté, Cribbage, and Backgammon. By Miyor A. Fep. 
8vo.3». 
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HINTS on ETIQUETTE and the TTSA0E8 of S0CIET7 ; with » 
Glanee at Bad Habits. Sevised, with Additions» by a Lady of Ravk Pep. 
8V0. 28. ed, 

The CABINET LAWTEB ; a Popular Digest of the Laws of EngHmd, 
CiTil and Crhiiinal. 19th Edition, eztended by the Author; including the 
Acts of the Sessions 1862 and 1863. Fep. 8ro. 10». 6d, 

The FHIL080FHY of HEALTH ; or, an Exposition of the TtysiO' 
logical and Sanitaiy Üonditions conducive to Human Longevity and 
Bappiness. By Southwood Smith, M.D. Eleventh Edition, revkad and^ 
enlarged : with New Plates, 8¥0. [Juaé reat^ 

HINTS to H0THEB8 on the KANAGEMENT of their HKITiTH. 
during the Period of Pregnancy and in the I^ng-in fioom. Bj T. Bvu^ 
ALD. Pop.8vow6«. 

The Matemal Management of Ohildren in Health and Diiease. Bf 

the same Author. Fep. 8ro. 5s. 

NOTES on HOSPITALS. By Florence NicHTiKeALS. Third Edi> 
tion, enlarged ; with 13 Plans. Post 4to. 18«» 

C. H. WILLICH'S FOPTTLAE TABLES for ascertaining the Yalne 
of Lifehold. Loasehold, and Ghiirch Property, Benewal Fines, Ae.; the 
Public Fur.dfl; Annual Average Prioe and Interest on Consols froml781 to 
1861; Chemical, Geographical, Astronomical, Trigonometrical Tables, &c. 
Post 8vo. 108. 

THOHSON'S TABLES of INTEREST, at Tbree, Four, Four and a 
Half, and Five per Cent. trom. One Pound to Ten Thousand and from 1 to 
S6dDays. 12mo.38.Qd. 

MATTNDEB'S TBEASTTBY of ENOWLEDGE and LIBBABT of 

B«ference: comprising an English Dictionary and Grammar, a Universal 
Gazetteer, a Classical Dictionary, a Chronology, a Law Dictionary, a Synop- 
sis of the Peerage, usefUl Tables, &c. Fep. 8vo. lOs. 



General and School Atlases. 

An ELEUENTABY ATLAS of HISTOBY and GEOGBAFHY, from 

the commencem«*nt of the Christian Era to the Present Time, in 16 coloured 
Maps. chronolugically arranged, with ülustrative Memoirs. ^the Bev. 
J. S. BsBWBB, MA. Boyal 8vo. 128. Qd. 

SCHOOL ATLAS of FHYSICAL, FOLITICAL, and COMHEBCIAL 
GEOGRAPH Y, in 17 full-coloured Maps, accompanied by descriptive Letter- 
press. By £. Uüohes, F.BJI.S. Boyal 8vo. 10«. Qd. 

BISHOP BTTTLEB'S ATLAS of ANCIENT GEOGBAPHI, in a Senes 
of 24 full-coloured Maps, accompanied by a complete Accentuated Index. 
New Edition, corrected and enlarged. Boyal 8vo. Hs. 



28 NEW WORKS published by LONGMAN and CO. 



BISHOP BTTTLEB'S ATLAS of HODEBK GEOGBAFHY, in a Series 
of 83 fuU-coloured Maps, accompanied by a complete Alphabetical Index. 
New Edition, corrected and enlarged. Boyal 8vo. 10«. 6d. 

Iir conaequenffl at til e raptd advjjuice of of Fr ance^ Itcily, and Austria represented. 

g^oorapMcul dS^covery, and tho ittaiiy rt> TheMAPSof thethreelast-namedcountries 

«ent changein, tlirotiiüh pülUIcnl ci&u^e, iïi haye been carefull}' revised. The Map of 

th.^ bcUïidArlËfi of vnriouB raiintri^'S, H hm Stintzerland has been whollr re-drawn. 

been found naceisnrv thftröüghly to revlse showinjc more accurately the physical 

thiB lon^-fistabliühed Atlae, and to acid features of the country. ^>tca has been 

sevetal neiv MAFt^. New Maih havo been earefully coinpared with the discoveries of 

IfivaiofthÊibHowing wiiiurk'i?:/*ü?é?§ïiji!e, Liyinostonf, Bubtok, Spbeb, Babth, 

CctTitHi'a, and Üie acij «fent provlnces ol' JVew and other explorers. The number of Maps 

Bf%n«Kiick^ NQva&^iiOy ünd !k'eK)foKm{fand^ is thus raisea from Thirty to Thirty-three. 

the Amenca.^ States botderln^ oü ihe An entiiely new^ Index has been con- 

pacific, ^««^era Auttrulia^ aiid AVkt Zetx- structed; and the piice of the work has 

iand. In addiiiön to ities^ RUfi* of been reduced from 12«. to Half-a-Guinea. 

Wertent Av*tr(fiin. aiid 'iütmania have The present edition, therefore, will be 

been frfwcn in c<nTiiia.rimenta; thua rom- found much superior to former ones ; and 

iiMEnt! the reVF^srinonbf^ Ma? nf .^Tf^^rfïf- the Puhlishers feel assured that it will 

a^iü, rrri'^i r! ■: i ;v . n ■■ 1 ■! v -Uuis maintain the character which this work 

importance of our Australasian posses- has so long emoyed as a popular and com- 

sions. In the Map of Evrope, Iceland has prehensive School Atlas, 
also been re-drawn, and the uew boundaries 

UIDDLE-CLASS ATLAS of GENEBAL GEOGBAPHY, in a Series of 
29 füU-coloured Maps, containing the most recent Territorial Changes and 
Discoveries. By Waltee M'Leod, P.R.G.S. 4to. 5s. 

FHYSICAL ATLAS of GBEAT BBITAIN and IBELAITD; compris- 
ing 80 fuU-coloured Maps, with illustrative Letterpress, forming a Concise 
Synopsis of British Physical Geography. By Waltee M'Leod, ï'.B.G.S. 
Fcp.4to.7«.6d. 



Periodical Puhlications. 

The EBINBTTBGH BEVIEW, or CBITICAL JOTTBNAL, published 
Quarterly in January, April, July, and October. Svo. price Os. each No. 

The GEOLOGICAL MAGAZINE, or Monthly Journal of G-eology, 
edited by T. Rupeet .Toites, F.G.S. assisted by Heney Woodwaed, P.G.S. 
Svo. price 1». 6d. each No. 

.EBASEB'S MAGAZINE for TOWN and COTTNTBT, published on 
the Ist of each Month. Svo. price 2s. 6d. each No. 

The ALPINE JOTTBNAL: a Record of Mountain Adventure and 
Scientific Observation. By Mombers of the Alpine Club. Edited by 
H. B. Geoege, M.A. Published Quarterly, Ma^- 31, Aug. 31, Nov. 30, Feb.28. 
Svo. price 1». 6d. each No. 



INDEX. 



Aerniti'c Modem üookcry «p >••• 36 

Aftf rncKin üf LIfb ...,..*»»,**,*,... 20 

ALcriKTh^j BËBidcnceln JutMiu ,,«^,,4, Z' 

Alpine ï^aidotThe) .,... ...,„,..... M 

-_ Joom*UTh«> **»*»*»*,„.,» 28 

Afjtiitif'f Mnnncl nt the Metmlloids 11 

AftAöQ*BBioïTapïile«'ïf ScifüttiflcMen .... 5 

— Fop^Iar Afitfon0Tiiy.,i...p.P'.. 'O 

. MeteornlugïCIll EïHaya 10 

Ar srnjL u V M tinu&l of Ertfil If^h Llter^Luï-c: .... 7 

Aji j^irrx'B E lem fTiti. of Ph ffilcs.. * ^ * IX 

AtKcratone Frlory — .....,.,......- 23 

ATKiiBSöjt'a Fnpinmii + ,.....♦+... 6 

Atitumn Holidayiïf aCcicrKTfit pAaios..». 8 

ATHc'BTrttuory üf Bible KnowlcoEt- 18 

Bacok's Essay», to^ Whatklt 5 

Life «nd Letters, by Spbddino 3 

Works, by Eixis Spsduino, and 

Hbath 5 

Bain on the Emotions and Will 9 

on the Senses and Intellect 9 

on the Stady of Character 9 

Bainrs's Explorations in S. W. Airica .... 21 

Baix*s Giiide to the Central Alps 22 

Guide to the Western AJps 22 

Batldon's Bents and Tillages 17 

Beri.eps^h*s lifie and Nature in the Alps ... 12 

Bi.ack'8 Treatise on Brewins: 26 

Bi.ACKf.Br and Fribdi.andeb's German and 

Fnglish Dictionary 8 

Biminb's Roral Sports 24 

Bi.ioHT*s Week at the Land's End 22 

BoDRN B*s Catechism of the Steam Eneine . . 16 

Treatise on the Steam Engine ... 16 

BowDLPR*s Family Sbabspbarr 24 

Boyd's Manual for Naval Cadets 26 

Bramlby-Moorb's SixSisters of the Yalleys 83 
Bramdb's Dictionary of Science, Literature, 

andArt .. 13 

Br ay's cc.) Education of the Feelings 9 

Philosophy of Necessity 9 

(Mrs.) Brit&h Empire 10 

Brewbu's Attasof History and Gkography 27 

Brinton on Food and Digestion 26 

Bristow's OIossary of Mineralogy 11 

Brooib's (Sir C. B.) Psychological Inquiries 9 

Works 14 

Brown's Demonstrations of Mioroscopic 

Anatomy. 14 

Brownb's Exposition of the 39 Artioles. .... 17 

Pentateuch and Elohistic Psalms 17 

Bocklr's History of Civilization 2 

Boi.L*s nints to Mothers 27 

Matemal Management of Children. 27 



BuNSBN'sAnalectaAnte-Nicsena 19 

AncientEgypt 3 

Hippolvtns and his Age 19 

Fhilosopliy of Universal History 19 

Bitntan's Pilgrim*s Progress, illustrated by 

Bkn nett 15 

BnasE's Yicissitudes of Families 4 

Butlbk's Atlas of Ancient Geography 27 

.Modem Geography 28 

CabinetLaj^^ 27 

Calvbrt*s Wife's Manual 20 

Cats and Farlie's Moral Emblems 15 

Chorale Book for Enirland 21 

CoLBNio (.Bishop) on Pentateuch and Book 

of Joshua 18 

CoLLTNS on Stag-Hunting in Devon and 

Somerset 25 

Commonplace Philosopher in Town and 

Country 8 

Companions of my Solitude 8 

CoNiNOTON*s Handbook of Chemical AJaa- 

lysi» 13 

Contansbad's Pocket French and English 

DJctiontHT . ^ . . - ^ 7 

PrMtJcal dittü ...,.,...» 7 

CoNvuwAiiKxnd KvwjfiN^s Life ajid Kphtlee 

of it Pml ,......„„,. 19 

CortAïiit^fl DiRlfnTmTT of PmijtJcal. Mectlclna 14 

AbriclKmient of fïlttu ..... + ,.+^,. 14 

CuTTifJiV TutrtKlUL'tion to Cutlflriuation .. ..- 19 

Coï*i TuU* of the Or^Rt Përaian War ..... 2 

TftJeafrom Orefk Mytliülo^ry... 23 

— — -Tales nf the <hy^È unfl Hef«e§ ...... 23 

Talei of Thehei fl.n<i Aniru ..,.. 23 

rsiur'';» EncycWpKriiliaof Cfvïl Eojipiiieiiring 16 

Cn»WE'aHlAtor>''0'f Frauce ^.^ ^ 2 



D'Aobionb's History of the Reformation in 

the time of Calvin 2 

Dead Shot (The), by Mar KSMAN 25 

Db z,a RrvB*s Treatise on Electricity 11 

Dbnhan*8 Vine and its Fruit 26" 

Db Tocqobviz.lb'8 Democracy in America. . 8 

Diaries of a Lady of Qualiry 4 

Disrarli's Revolutionary Epiek 24 

Dixon's Fasti Eboracenaes 4 

DoBsoN ontheOx 25 

Dói.i.inobr'8 Introduction to History of 

Christianity 19 

Dotb's Lawof Storms 10 

Doru's Chronicleof England 8 
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Edinbnreh Review (The) 28 

Ellice,aTale 23 

Exjjcott'b Broad and Narrow Way 

Commentary on Ephesians 

Dertiny of the Creature 

Lectures on Life of Chri«t 

Commentary onOalatians 

Pastoral Epist... 

Fiülippians, &c.. 

Theasalonians . . . 

Esaays and Reviews 19 

Essays on Reliffionand Literature, edited 

byMANNiNo 19 

Essays written in the Intervals of Business 8 



FAmBATHjr'F Ap|:l]^s.tEoii of €ast and 

WzQUEht Iitin to RtiJldLüïT. . . . , 16 

Iiifürmutiun forEïicineers... 16 

,— Trë&tiBL^ uu M ïIIb Al Millworlc 16 

First Friendahip ...,..,....,. 22 

FiTz EQf'i 'W'emÜiËrBo«k 10 

FonATXR'a LIfc uf SIf Jcihn Ellat 3 

Fowi^xr'*. CVlUerJütt anil CulllËfi«« 17 

Fïli4eT^j MAeafiüf} ,^,,.,.y « 28 

Faksetiixii' » Alpiu^ BwaVi ..,,..... 22 

— Tcrtir in tïi* Crrlwiii 22 

Friémd* in. OoqnciU... „*»**♦»»*. 8 

ï'ï^mXattÈT toSpirit ..»♦-..♦.., 8 

Fv-dvitr-'i Ulstory uf Knelvnil ' ■ ^ 1 



Oabbatt's Marvels and Mysteries of 

Instinct 12 

Oeological Magazine 11,28 

QojBBRT and CBoacBiij.'s Dolomite Monn- 

talns 22 

OooD»vK*8 Elements ot Mechanism 16 

GoBut's Questions on Bbowmb'b Ezposition 

of the 89 Articles 17 

Obat's Anatomy 14 

Qbbkmb'8 Manualof Ck>elentenito U 

—— Manual of Protozoa 11 

Grovb on Correlation of Fhysical Foice».. 11 

Gryll Orange 22^ 

GwiLT 8 EncyclopsBdia of Architecture .... 15 



Himdbacilr of Anfllnf^^ ttr Efiriw^Li. . , , ^ » , 25 

H**-rwta^i Mb. nnj its LlvLnif W^E]«fB»»«^ 12 

_TroTii cal World ,...,,. ,, 12 

N A d uitLTBtiunB Dttüdcd »»»..,.,,. 26 

^ Hriti&h FrcshwutLT Algv 12 

Hawkïi^V Insjlrmtjuna to Yoüug Sppiisin^n 26 

H HATCpr' ï Ndl CS ao Riflfl Shuulin]; ^ . * 2ö 

H^Pv'a 8l3HTll-h Ounqn^at iïi Aln*]H.iSii,_, . . 2 
Hm,«cHHL'ï H;^savs from Uift EdinLiu^h 

and Qi3iLrttrlf B«v1ewi ... t,.*. ,.,***. é^.., 13 

Ouiliiict af Artronömy . ^ . * . . . . 9 

HïwiïTtm ihe Dï«a«^ af T^cmien 13 

HïNewiti'r"! Soulh AmericMiHkfitclii?* ♦ 21 

HrN^'f CïtriBdlBti EkuIdHuït ExuiEditlons ,.. 21 

. — ^—KxrjIaTiiLkiiit in. Ijtbridur , , , 21 

Hinti un KüauéttM^, 87 

"- - - — ' (.ihaptÈrs on Mental Pliïflïology 8 

uö_&ci.enliflc_B uty ectB .... 18 
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HtM . I. V ,.; ;, , . 1 1 W .^ =, ». L- rl - A r h ■ 'l t's ÊrltiAU 

Flora. 12 

Hodpbb's MedicnlDictioiiaiy'- 1& 

Hobnb's Introduction to the Seriptnrea .... 18 

. . Compendium of ditto 18 

HosKTKs' Talpa 17 

Bdwitt's History of the Supematoral- 8 

RuralLifeofEnglaad 22 

^Visite toBemarkaUePiaoeii 22 i 



Howsow's Hulsean Lectures on 8t. Paul.... 18 
Hoorbs'b (E.) Atlas of Physical, Political 

and Commercial Oeofrraphy 27 

(W.)üeography of British His- 
tory 10 

Manual of Geosraphy 10 

HuixAh's Histor}' of Modem Music 3 

HymnBfrom Lyra Germanica 20 

Xnoblow's Poems 24 

Jambsom's Legenda of the Saints and Mar- 

tyrs 15 

Legends of the Madonna 16 

Legends of the Monastic Orders 15 

Jambson and £ASTijk.KB*s History of Our 

Lord 16 

JoBNs's Home Walks and Holiday Rambles 12 

Jobnson'8 Patentee's Manual 16 

— Practical Draught sman IQ- 

Jobnston'8 Qazettcer, or* Qeogra]ihical JMo- 

tionaiy 10 

JoNBs's Christianity and Common-fienM. . . 9* 



Eax,i8cb*b CommentaiT on' tbe.GId Tèsta- 

I ment 7 

Hebrew Oiammar 7' 

Kbmbi^'8 Plays iê> 

Kbnnedt's HymnolcNeiaOhristiaxia 20' 

KxBBT and Spbmcb's £ntom<dog7 W- 

Lady's Tour Round MonteRosa 22 

Landon's (L. E. L.) Poetical "Works 24 

LateLaureis 22 

Latbam's Comparative Philology^ fr^ 

EhKlish Dictlonary 6 

Handboek of the EnglishLan» 

guage 6 

Woric on the Bngüsh Langnage 6 

Leisure Hours in Town 8 

LawEs'sBiographical History of Philosophy S 
Lbwis on the Astronomy of the Andents ... 6<^ 
on the Credibility of Early Roman 

History 6 

Dlalogueon Government 6^ 

on Egyptological Method. 6- 

Esuay s on Administrationa 6* • 

FablesofBABHius e< 

on Foreign Jurisdiction 6 

on Irish Oistorbanoea 8". 

on Observaticm and RèaaoniiiK-in 

Poliücs V 

on Political Terms 6 

ontheRomance Langnaces 6- 

LiDDKu. and Scorr'sOreek-Ëngiiah Lexicon 7' 

Abridgeë ditto 7' 

LiwDtKY andMooRs'sTreasurr of Botany*. If' 

Listbr's Physico-Prophetical Essays 19 . 

Longman 's Leutuxes on the History of Eng- 

land 2 

Locoon'b Encydopeedia of Agricuitnra.... 17 
__Cottage» Farm, 

and Villa Arehitectuie 17' 

Gardening 17' 

Plants 12' 

Treet&^iraba- 12 

Lowndbs'b Engineer's Handbook 16 

LyraDomesiica SI 

Eucharistica 20*- 

Qermanica 16,20 

Messianica 20 

Mystica. 20' 

£aer» 20* 
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jHACAuxjtT's (Lord) — _,_ 

History of Snss^ad l 

.Lars of Anóoat Rome 24 

. MiBcellaneoBS Writings 8 

"r^"*»*^ 6 

— .^SpeedMi «n EarliamentKry 

Reform 6 

Macshaim*b Afrieaa» at Home 10 

MAcj>«>muu.L*a '1 heory ofWar 16 

JlcLaoo'i Middte-ClftM AtlM of General 

Ueography 88 

Physical Atlas of Qieat •Biitain 

imd Lreland ,.,.,,....,....,. S8 

McCvL.LD€a^a Dlctlüb^rf or Ocini]Tierc& ..... 26 

■ Qvütt. ^a[^l11ca.l Dic-tioiiBJT^ . * ♦ - « 10 

Ma u c i RB'ft Llfb ol FulJikii Matliew ,.^,*,..** 4 

HuTne aad. iti Kuleri t^*-. 4 

MAJiCJta'a Lndoar Uard^ner ^ b^» 12 

M a I itf f n an Pt-aküt Paspei^ btiiI 1*^1? + . . . 16 

MAn>iD\i.L'^ Uidiory erf CnrUliiui Miisiooi. 3 

KIaui^y'i lUituTy ot EnsWnd .. + «>*. 1 

Mac'üdiii'b Biutfraphictl Treaiary *. ö 

-^^^ 'LicovriptücaL Tresiyry 10 

lUfltoricalTmiuiy ..,.««^«^«^. 3 

ScienÜtiid anrl LiE^rary '^i^xewart 13 

T rtmêv rï dI K no w]euiïi«! ^ ■ . . ^ . + . 27 

--^.^ ^ Trcüury uf ^stur&l HLitory . . 12 

Maubt'i L^hyiicAJ dkurmpliy ..+. 10 

M^r'sLoDitlttitkinaL UlritHj of EnEiHiidh. 1 

'MBLviLL,a.''s Diitby Grand, *.*... , ^ .« . .. . 23 

— '(««iwml Suuiioe ......i^^i 23 

^ — triadJat'rf ..,...*,*.*...,* 23 

.^^GutKl f or^foïhiüïï *,,*.* „. 23 

— ^^^^liulnalüy Hotue.^ii 23 

luterF.trL-'ttr 23 

— — KüTö CuVMitry i 23 

— ^ — Qu^vis 'b Mb riOJi . 23 

M'HUELiaciiiK'f. Lt^Otra 4 

l^tasïics' W nidflaf (i^-al Fark 17 

(MKDeTmj.K''At.ïI. h Col'JihiMLUan aikd CL^loBiu 10 
^ ^Ü.)f «11 oftlie EkKDOD BepubUc 2 

RpiituiB under Uh ËmpLni 8 

IfaHvoM^a liLutaryof' HAü/Üitisi^' ■,****.* 3 

MiLCBan iIuiv«'iF^t ........,.««^ 25 

Ha EiorMü^ IWlh .-.,,,» 2ö 

on liurM SliOfiïnif.' .f-if ** 25 

OH StMblEf ...,.,,,,,,, ^.^«^«.«,^,«,..^ 25 

MiLL ün IJtKTtyHH.. ■•><.. ^...«.t« + + «^. .i... 5 

■ . (jii Ri:pns«iïtiie.irft CrovemmHit ...... ö 

cm ULilitariiinijTn.. ,...*.* ... ö 

HiLLVDiduh-rc .LlunBand J^imuniQiu .^ 5 

.^ — PoJkiuai k-ci^nimy .,....+ . ö 

•^ SyM I em ol LoiE ÏP ,.h...... ...*. 5 

iiiLXRK tËltmenrpiif Chcmlitry..... 13 

JMuxtiHT/tiil'Ptj'itoiLL Soiiifi ..... ......... 20 

li^j-itAiïg'i E K per lm £1)1» in Church end 

StRtc.*,*.. ..., 18 

JVIosttoouckv on t^ Siirnd oud Syntpionu 

of t^j-n.a«iqy*, .,....,...,.. ..♦.♦.^ 13 

MojnjiVIfUh Melodks... ...»..*..... 24 

L«-BjvR(ïokh .......*.. 24 

-^ Meii^'K':. ..F..nrnal|Uld Coniidiiaii- 

denoe 4 

Poetical Work< 24 

MoRKix's Elements uf Psychology 9 

■ — ^ Mental Philosophy 9 

Murning Cluuds 20 

MoKToif B Handbook of Dairy Husbandry. . 17 

rr-, FarmLabour 17 

— Pnnoe Consort's Farms 17 

M<MBK im's Eoelesiastkal Hlstory 19 

Jioixi- B 8 ( Max) Lectores on the Science of 

Lan;ruas:e 7 

—- (K. O.) Literature of Ancient 

Oreece 2 

Mdhchison on Continued Feveit 14 

MuRs 's Language and Literature of Oreece 2 



New Testament Ulnstiwled ^rtlh Woed En- 

graTingsfn»m the Old Mesters :1S 

Nswman's Apologia pro'YHA fioA : S 

NMHxutoAWsKotes<uiH«MgitftlB «r 



Oni.nrG*sCoiiiwoffnMHealChanistxy IS 

Manual of Chenistry IS 

Ormsbt's Kambies in Algeria and Tunis. ... 81 
Owbn's Comparative Anatomjr «adPhysio- 
logyof YertebraüteAjÜBMla 11 



PACKB'sOuide to the Pyreneci 28 

Paswc's Leetmevon-Suq^oal 'Pstholonr.. 14 



Parkbr's cnieodere) Lttfe, hy Wnss 4 

Peaks, Passes, and Glaoiers, 8 Series 81 

Pbbbih a's Elements of Materia Mediea.... IS 

Maoualof MatetiaMediea 16 

Pbrkinb's Tnsean Seolptors 15 

Phiixips's Guide to Oeology il 

Introduction toMiaeralogy 11 

Pibssb'b ArtofPcrfumery jy 

Chemical* Natural, and JPliyaical 

Magie 17 

— — Laboratory of Chemieal Wonders nt 

Play time with the Poets S4 

Practical Mechanic's Journal 16 

Prbscott's Scriptnre Difficulties ig 

Problemsin Human Nature 80 

PvcRorr's Course of Englïih Beading 7 

Cricket Field 8S 

CricketTutor SS 



Recreations of a Country Paison, Bbcokd 

Sbribs 

Rwdxje'b Diamond Latin-EngUsliDkstifmaxx 

UivBRs's Rosé Amateur's (juide -ij 

RooBRs's Correspondenoe of Greyson 

Eclipse of Faith 

Detience uf ditto 

Essays from the Edinbwvh Jieview 

Fulieriana 

ReasonandFaich 

Roqrt's Thesaurus of English Words and 

Phrases 

RoNAi.Ds's Fly-Fisher's Entomology SS 

Rowton's Debater 7 
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Baxbt'b Stndy of Stéam S6 

Weather Syatem 10 

Scon's Handbook of Yolumetrical Analysifl 13 

ScBopBon Yolcanoa 11 

8BNioa*s BiofETaphical Sketches 6 

—i— Eiaays on Fiction 83 

Sbwbix's Amy Herbert 23 

^Andent Hifltory 8 

ClereHaU 23 

^Earlwanffhter 23 

^Ezmaence of Life 23 

GeiJRide 23 

OJpiMe of the World 23 

^BBRory of the Early Chnrch 3 

Ivon 23 

-Katharine Aditon 23 

-Lnieton Panonace 23 

-Marnuret Perdval 23 

-NightL(ei8on8fh>m8cripture — 20 

-Pasginfc Thonghtfl on Beligion .... 20 

-PreparstionfbrCommunion 20 

-Beaidings for Conflnnation 20 

-KeadingB forLent 20 

Self-Examination before Conflr- 

mation 20 

StoriesandTalet 23 

Thoughtfl for the Holy Week 20 

Uwnhi 23 

Shaw's Workon Wine 26 

Shbdden'b Elementa of Logic 6 

Short WhUt 26 

SIKVKKINO'S (AMBI.IA) Lite, by WiNRWORTH 4 

Smitb's (Southwood) Philoflophy of Health 27 
(J.) Yoyage and Shipwreck of 8t. 

Paul..........rr. 19 

(G.)We8leyanMethodi8m 3 

■(Stdket) Memoir and Letters 4 

— MiacellaneouB Works 8 

Sketches of Moral Philo- 

aophy 8 

^WitandWisdom 8 

Southet'b (Doctor) 7 

Poëtica! Works 24 

Stbbbino'b Analysis of Miu.'s Logic 6 

Stei'hbnson'b (.R.) Life by Jbaffbbbon and 

Pou; 3 

Stephen'b Essays in Ecdesiastical Bio- 

graphy ö 

Lecturea on tbe History of 

France 2 

Stonbhenob on the JDog 25 

on the Greyhound 25 

STBicKX^No'sQueensof Eugland 1 



TAnoR's (Jeremy) Works, edited by Eden 19 

Tennbnt'b Ceylon J2 

Natural History of Cey Ion 12 

Story of the Gnns 16 

Thalatta 22 



ThMjogia Germanica 19 

Tbirlv AU. 's History of Greeoe 2 

THoassoN's (Archbishop) Laws of Thought 6 

(J.) Tables of Interest 27 

Tiju.bt'b Eastem Europe and Western Asia 21 
Todd's Cyolopasdia of Anatomy and Phy- 

dology 14 

and BowMAN*s Anatomy and Phy- 

siology of Man. 14 

Tboixopb*s Barchester Towers 23 

Warden 23 

Twiss'sLawof Nations 26 

Tvnoall's Lectnres on Heat 11 

Monntaineering in 1861 22 

Ure's Dictionary of Arts, Manufactures, 

and Mines 16 



Vandbr Hobven's Handbook of Zoology.. 11 
Vaugham's (K.) Bevolutions in Eni^ish 

History 1 

(R. A.) Hours with the Mystics 9 

Wabbobton's Life, by Watson 4 

Wabtbr's Last of the Old Squires 23 

Watson's Principles and Practioe of Physic 14 

Watts's Dictionary of Chemistry 13 

Webb's Celestial Objects for Common Tele- 

scopes 10 

Wbbstbr & Wij:,kinson's Greek Testament 18 

Wbld's Last Winter in Rome 21 

Wbllinoton's Life, by Brialmont and 

Glbio 4 

^byG^Bio 4 

WEai.ET's Life, by SooTHEr 4 

West on the Diaeases of Infancy and Child- 

hood 13 

Whatbi.y's English Synonymes 5 

Logic ft 

^Remains ft 

Rhetoric 5 

Whbw£i.l's History of the Inductive Sci- 
ences 2 

White and Riodlb's Latin-English Dic- 
tionary 7 

Wilbebporcb (W.) Recollections of, by 

Harfobd 4 

Wii.LicH'sPopular Tables 27 

Wiuon's Bryologia Britannica 12 

WooD*8 Homes without Hands II 

Woodward's Historica! and .Chronological 

Encyclopsedia 3 

Yonqe's English-Greek Lexicon 7 

Abridgert ditto 7 

YouNo's Nautical Dictionary 26 

YobATT on the Dog 25 

ontheHorse 25 
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